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PREFACE 


Fundamentals of biology are the same the world over, but instructors 
differ regarding the order in which they wish to present the subject. One 
of the most important reasons for this is that the training of the teachers 
varies according to the institution from which they come. Practically 
every college and university offers a course in elementary biology that 
differs in some respects from that offered in other colleges and universities. 
This book, intended for beginning college students, has been arranged 
in such a way as to allow a considerable amount of flexibility in the 
presentation of material. This is desirable not only because of differences 
in the training of instructors but also because of differences in the equip¬ 
ment and laboratory space available and in the location of the college. 

The first few chapters present general fundamentals. Following these, 
some teachers will wish to take up Part IV, General Biology, and refer 
students to Parts II and III for reading assignments in preparation for 
laboratoi^ work; others will wish to study the plant and animal types 
first; still others will wish to begin with the study of insects, because 
of the field w^ork that can be done in the fall, reserving the study of plants 
until spring, when there are flowers in the fields and woods. Finally, in a 
survey course with emphasis on human biology. Parts II and III may be 
used for reference only. 

It is a common practice to begin the study of biology, especially 
the zoology part of the course, with a detailed study of the frog as a type, 
but it is quite as usual to begin with the Protozoa and work up to the 
vertebrates. 

As a result of long experience, it seems to the author that the beginning 
students should at first devote their time to descriptive work. Students 
then have part of the material tp be presented in the laboratory. The 
study of structure, coupled ys^ith an understanding of the use of these 
structures, furnishes a good preparation for a dear imderstanding of the 
important biological concepts with which the book is very largely con¬ 
cerned, Parts II and III provide a good preparation for Part IV, whether 
this work is done in the laboratory alone or in the usual laboratory- 
igeture combination. 

Parts V and VI deal with the more abstract side of biology. The 
subject matter in this section is presented as simply as possible in the 
hope of stimulating the int^est of the students. 
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PREFACE 


A general course in l)ioIogy should emphasize human biology; at first 
glance the book may seem to be loaded in favor of zoology. Careful 
review, however, will reveal that plant biology is considered in every 
discussion of principles—^respiration, excretion, reproduction, etc. Much 
more botany is included than is usual in a general course in biology. 
This is in keeping with the growing understanding that plant and animal 
vital processes have much in common. No well-rounded course could 
be complete without including the fundamentals of plant structure and 
processes. 

Special bibliographies are placed at the ends of chapters and general 
bibliographies at the ends of some of the sections. These afford ready 
reference to special books for a more extended study of various subjects. 
No attempt has been made to include a complete bibliography. 

The practical applications of biology are so interesting that there 
is always grave danger in emphasizing this aspect of the subject at the 
expense of the fundamentals of the study. An effort has been made to 
keep a proper balance between these two aspects of biology. Any sug¬ 
gestions to increase its usefulness will be most welcome. 

The untimely death of Prof. Hegner occurred while the final draft 
of the manuscript of this book was being prepared. When the book 
was being organized, however, the two authors worked together one sum¬ 
mer at Salisbury, Maine, and later at Baltimore. All suggestions and 
criticisms by Prof. Hegner were taken into full account in the prepara¬ 
tion of the final manuscript. 

Mart Stuart M^Dougall. 

Decatur, Ga., 

November, 104f. 
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BIOLOGY: THE SCIENCE OF LIFE 
INTRODUCTION 


Tbe year's at the spring 
And the day's at the moms 
Morning’s at seven; 

The hillside's dew*pearled; 

The lark’s on the wing; 

The snail’s on the thorn; 

God’s in his heaven— 

All’s rig^ with the workll 
—Browning. 

The study of biology is a great adventure, for it is the study of life 
itself. Biology (Gr. bios^ life; logoa^ discourse) deals with many things 
besides the study of living things themselves. There is the question of how 
the environment affects all types of organisms, plant and animal; ques* 
tions arise as to how living things affect each other; there are questions 
concerning agriculture, health; there arc even social questions. A knowl* 
edge of how the human machine works, or how some things are inherited, 
may be of vital importance in our lives. These and many similar questions 
stimulate curiosity os to the how and why of life processes. 

' Living things are cvcrjnvherc. Every stream, plain, and forest is alive 
with hordes of animals and multitudes of plants^ Even in great cities, 
birds fly overhead; many trees and plants exist under artificial conditions 
created by man; and in these trees and shrubs, birds build their nests 
and insects find permanent homes.Jn addition, in these same situations, 
every bit of substance that may be used as food is soon occupied by a 
multitude of microscopic forms of life. Family pets are welcome in our 
homes, but very often many unwelcome insect pests, flies, mosquitoes, 
fleas, and the like are troublesome guests.^ Man is himself an animal and 
is the home in which other kinds of animals dwell, whether he knows it 
or not*^ 

Human activities are constantly influenced by living things. The 
sources of food and the origin of clothes are practical biological problems; 
there ore many others. Certainly health problems are both practical and 
important. A good example of this type of problem is the working out of 
the method of transmission of malaria and of ways to prevent the spread 
of this dread disease. The happiness, health, and prosperity of a whole 
country may depend upon a Imowledge of these things. 

1 
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Conservation has become a necessity in this country. Any intelligent 
program to save the land and wild life for future generations calls for 
many kinds of knowledge: the result of cutting timber, the role of soil 
bacteria, the nature of the animals that prey upon each other, and many 
kindred problems. Many other practical problems might be mentioned 
that give authority to the statement that the study of biology gives 
valuable and useful knowledge. 



Fig. 1 .-—Lake Como from Iho norlhtatl tide; Mountain Lake primitive area. Rogue River 
National Foreat (Photo by the U. $. Forest Service.) 

One has only to view the plants and flowers of the hills and forests 
in order to realize that these satisfy a sense of beauty common to the 
vast majority of people (Fig. 1). Browning could not have written the 
verse at the beginning of this chapter if he had been unacquainted with 
the lowly snail. Many of our poets live dose to nature and are well 
acquainted with the woods and creatures found there. ‘‘All's right with 
the world" means that everything not only is beautiful but is in order. 
This is an idea that the study of biology demonstrates, that tiiere is 
a definite organisation on earth aiid among the living things that are 
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its inhabitants. Each living thing is beautifully made, whether the finished 
product is attractive or not^ Each tiny cell has an organization that even 
the best informed scientist only partly understands. This knowledge gives 
a deeper meaning to life itself. 

For leisure time, the study of nature will richly repay one for the time 
spent. In addition to the millions of plants and animals that may be 
easily seen, there are millions more that can be seen only with the aid of 
a microscope, A knowledge of organisms, of how they are made and what 
they do, enables one to understand how they fit into the scheme of life. 
And this is an enriching study from any point of view. 

Finally, the most important result of any scientific study is the learn¬ 
ing of the scientific method^This training is useful in any field of endeavor. 
It means the accumulation of facts from first-hand observation and the 
arrangement of these facts in such a way as to lead to definite conclusions. 
No guesses are allowed, and haphazard methods are barred. In the Dark 
Ages, learned men may have argued and quoted authority as to whether 
a cow lacked teeth in the upper or lower jaw. The scientific method 
requires that one examine the jaws of the cow and by observation alone 
reach a correct conclusion. Exact knowledge is of inestimable value in 
the struggle for existence with environment and fellow man., The best 
way to acquire exact knowledge is to learn to apply the scientific method. 

The Chief Divisions of Biology 

The science of life, which is called hiology^ covers many fields. For 
convenience in studying the enormous populations of the earth, two 
great divisions are made: botany (Gr. botane, an herb or plant), the study 
of plants, and zoology (Gr. zoon, animal; logoa^ discourse), the study of 
animals. However, as will be seen later, the fundamental properties of 
living substance are common to both plants and animals. For example, 
the life processes of nutrition, respiration, and reproduction are funda¬ 
mentally the same in both the plant and animal kingdoms. 

Botany and zoology may be further subdivided into a number of other 
subjects, as indicated in the accompanying diagram (Fig. 2). Some of 
these subjects deal with the structures of living things and hence are 
called morphology (Gr. morphe^ form), and others deal with life processes 
and are called physiology (Gr. physis^ nature). As shown in the figure, 
some of the subdivisions of the subject of biology involve a study of both 
morphology and physiology. 

The student shpuld bear in mind from the beginning that basic facts 
must be learned as a means to an end and not as an end in themselves. 
Pacts are important only as they serve as a basis for understanding 
fundamental biological principles. Principles or laws can be formidated 
only after study in great detail of many types of organisms. 
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It has been the aim of the authors to present in the very simplest 
manner possible those fundamental principles of the life science biology 



Fig. S^The chid divisions of biology. (From Woodruff, Foundations of Biology, The 

Macmillan Company.) 

that are a necessary partof any liberal education. And so the great adven¬ 
ture, the study of the living world, including man, begins. 



Part I 

THE FOUNDATIONS OF BIOLOGY 




CHAPTER I 

LIVING AND LIFELESS MAHER 


Everything in Nature contains all the powers of Nature. Every tiling is made of 
one hidden stuff. 

—Emerson. 


I. What Is Life? 

Any precise definition as to what life is seems impossible. In general, 
the difference between something that is alive and something that is dead 
is fairly obvious. If life is defined as ‘Hhe state of living,” the term living 
would have to be defined; if it is defined as the sum total of vital proc¬ 
esses,” the term vital needs further explanation. However, the terms 
living and lifeless may be defined as states or conditions of matter. Lifeless 
matter is usually divided into two kinds t organic matter, such as cellulose, 
sugar, fats, and the like, produceii by living things, and inorganic matter, 
which includes minerals, elements, and other chemical substances. This 
distinction between organic and inorganic substances was due to the 
old belief that only living things could produce or synthesize organic 
materials. In 1828 , however, Wohler synthesized urea, an organic waste 
material, in the laboratory. Since that time, many organic substances 
have been synthesized in scientific laboratories. The distinction between 
organic and inorganic matter, then, is one of convenience only. Inorganic 
matter may have once been a part of something living, but after the death 
of the organism it is resolved into its original state. 

Though it is not known what life is, the characteristics that set it 
apart from lifeless matter are well known. In studying these character¬ 
istics, it has been found that all living things, whether lowly plants, 
humble one-celled creatures, complex animals, even man himself, have 
certain fundamental features in common. A study of these fundamentals 
gives one a basis for study of the order that is characteristic of the living 
world. It matters not whether one studies structure, the use of the struc¬ 
tures, or the more fundamental organization of protoplasm; the orderly 
organization of nature and nature’s processes is everywhere apparent. 

II. The Unique Characteristics of Living Matter 

A. Organization.—^Living organisms have a definite range of size and 
shape and a definite internal organization. Nothing living is formless, 

7 
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as are water and clouds. One of the most fundamental characteristics of 
anything living is the presence of protoplasm (Gr. protoSy first; plasma^ 
form). This semifluid, colorless material is present wherever there is life. 
It has been aptly called life stuffy for life cannot exist without it; indeed, 
the unique features of living things are due to the structure and activities 
of protoplasm. As will be seen later (page 21), protoplasm is a complex 
system and includes many materials, both organic and inorganic. 

Protoplasm is organized into units .or cells. Each cell has a nucleus 
(page 32) surrounded by cytoplasm (page 32). Cells may vary greatly in 
general characteristics in different organisms, or in different parts of the 
same organism, but this fundamental life unit, the cell, has all the char¬ 
acteristics that set apart the living from the nonliving world. In later 
chapters, it will be seen that cells arc organized into tissues, tissues into 
organs, organs into systems, and systems into organisms that make up 
the living world. 

B. Chemical Composition.—The chemicals found in living matter 
are the same as those found in nonliving matter. It is emphasized that the 
unique character of living matter is due to the particular organization of 
certain chemicals in the form of protoplasm. Although there are about 
92 elements, only 12 to 14^ are found in appreciable quantities living 
matter, and only 4—carbon, oxygen, hydrogen, nitrogen—compose 
about 90 to 99 per cent of living matter. The air contains 2 of these 4 
elements in the form of gases, oxygen and nitrogen, as well as small 
amounts of carbon dioxide and water. 

The organic substances always associated with living matter are 
carbohydratesy such as starches and sugars, lipids (fat-like substances), 
and proieinsy which are the most complex of all chemical substances. 

C. Protoplasmic Activity. 1. Metabolism. —Living matter is not 
static but is always changing. Protoplasm carries on all life activities. It 
is continuously breaking down and rebuilding itself. This involves the 
taking in of substances (foods), transforming them, and getting rid of 
wastes. It also involves repairing itself as well as adding to its volume. 
The sum total of the activities, maintenance, repair, and growth, is 
known as metabolism (Gr. metaboley change). The building-up phase 
of metabolism is anabolism (Gr. anabolcy that which is thrown up), and 
the tearing down phase is katabolism (Gr. katabole, throwing down). 
Anabolism requires energy, and energy comes from foodstuffs. The energy 
is released as the foodstuffs are broken down, chiefly through the oxida¬ 
tion that goes on in the cells. This is respiration and involves the taking 
in of oxygen and the giving off of wastes, chiefly carbon dioxide, which is 
formed by the oxidation process. All living things respire as long as they 
live. 

^ For a list of those chemicals, see p. £2. 
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Maintenance and Growth. —As explained above, protoplasm is 
being continually broken down and rebuilt. When these two processes 
exactly balance each other^ protoplasm maintains itself but does not 
grow. If there is more breaking down than rebuilding, the organism 
wastes away, and, if this process continues, it must die. If, however, the 
building process outweighs the destructive process, growth takes place. 
A familiar characteristic of life is growth from small to larger organisms. 
Lifeless things may grow, but they grow in a different way. The snowball 
arid the crystal grow, but the new material will be on the outside. This is 
growth by accretion. Living substance has the unique power of trans¬ 
forming materials (foods) and incorporating them into its substance. 
This is growth by intussusception (L. intus, within; susciperCy to take up). 
At maturity, the processes of destruction and repair in organisms tend 
to balance themselves. 

Growth is not haphazard but proceeds according to a definite plan. 
A maple tree will grow according to its own pattern, and so will all other 
organisms, plant and animal. 

3. Heproduction. —Another characteristic feature of living things is 
their power of reproducing themselves. Lifeless matter cannot do this. 
No reproductive process is really simple, but one of the simplest types 
that take place in the one-celled creatures is cell division. Lower plants 
and animals may reproduce themselves in this manner several times a 
day. In most of the higher organisms, there are two parents, each pro¬ 
ducing specialized types of reproductive or germ cells. A cell from the 
male parent, sperm, must fuse with a cell from the female parent, egg, to 
form a zygote (Gr. zygotoSy yoked) or fertilized egg. The new organism 
will develop from this fertilized egg into its own particular adult 
form. 

One of the most interesting facts of reproduction is the great detail 
with which individual characteristics of parents are transmitted to their 
offspring. This gives a basis for the study of heredity. 

4. Irritability and Adaptation. —The ability of living substance to 
respond to stimuli is well known. A plant does not have as complex 
mechanisms for receiving stimuli as the higher animals. Nevertheless, 
plants respond in varying degrees to stimuli This characteristic irrita¬ 
bility is responsible for the power of adaptation shown by living things. 
An organism adapts itself to its environment or dies. It is a familiar 
fact that plants and animals that live in water are adapted to that medium 
and are very different from those that live on land; also, the character 
of vegetation changes as one ^scends from the plains to the mountain- 
top. As will be shown later (page 48), the how and why of distribu¬ 
tion are one basis for the study of the adaptation of an organism to one 
environment. 
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ill. Vitalism and Mechanism 

The metabolic activities of protoplasm proceed in an orderly manner; 
living things develop, each according to a characteristic pattern. Every¬ 
where in nature there is law and order. The question naturally arises as 
to whether there is some vital force at work that is different from chemical 
and physical energy. The mechanistic conception is that all life processes 
may be explained in terms of chemical and physical phenomena; tin* 
vitalistic conception assumes an additional ‘Vital force” of a nature differ¬ 
ent from those of physics and chemistry. Biologists do not agree on this 
point. It is a fact that many life processes may now be explained in terms 
of physical and chemical phenomena. Yet not all vital {processes are fully 
understood. There can be no answer to this questioii until more informa¬ 
tion has been obtained. One point in favor of the mechanistic conception 
is that it stimulates study in an attempt to solve all the unexplaiiu'd 
problems of life. 

IV. The Origin of Life 

A. Spontaneous Generation.—Any person who observes living things 
sooner or later asks himself, where did life begin.^ 'J\) this there can be no 
real answer, for the answer is not known. Speculation on this subject led 
ancient peoples to formulate theories as to how life arose. In Aristotle’s 
time (384-822 b. c.), living things were supposed to arise spontaneously. 
The belief in the theory of spontaneous generation or ahiogenesis fa, not; 
hiosy life; genesis^ origin) of living things persisted for hundreds of years. 
In the light of what is now known, some of the theoric's as to how animals 
came into existence are amusing. For example, to create mice, one was 
supposed to place some cheese in a dirty sheet and then place these in a 
dark closet. It was common belief that maggots arose from decaying 
meat, insec^ts from dew, and frogs and toads from mud. These are only 
a very few of the many strange beliefs as to the origin of animals in 
ancient times. The common goose barnacle {Lepas hilii Fig. 272 jS) gets 
its name from the fact that ancients believed that geese came from these 
barnacles. 

1. Some Famous Experiments, a. RedVs Experiment —Francesco 
Redi (1626-1697) was an Italian physician who set out to prove that 
flies did not come from decaying meat. He placed meat in thre^e bottles, 
leaving one bottle uncovered, covering the second with gauze and the 
third with parchment (Fig. 3). The meat in all three decayed, since 
bacteria were already present when meat was placed in the bottles. 
Maggots developed in the first bottle in due time; none was found in the 
two covered bottles. Flies, attracted by the smell of decaying meat, 
laid eggs on the gauze that covered the second bottle. The parchment- 
covered bottle did not attract the flies; not much of the odor from decay- 
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ing meat could come through. This disproved the theory of spontaneous 
generation for the larger animals. 

6. Pasteur s Work ,—Although Redi’s experiment proved that animals 
(lid not arise spontaneously, it was a long time before belief in the theory 



Fig. 3.—Redi's experiment to disprove spontaneous generation. A. Open jar. B. Jar 
covered with gauze. C. Jar covered with parchment. Since bacteria were present, the meat 
decayed in all three jars. However, maggots were found in Jar A only, though eggs were laid 
on the gauze of Jar B. (B. F. Edwards.) 



Fig. 4.--Louis Petteur, 1822-1895. 

died entirely. It remained for the genius Louis Pasteur (1822-1895) 
(Pig. 4) not only to prove that microorganisms did not arise spontaneously 
but to demonstrate the relation of yeasts to fermentation (page 193) and 
of certain bacteria to disease (page 190). Figure 5 illustrates the simple 
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experiment performed by Pasteur that disproved the theory of spon¬ 
taneous generation of microorganisms. Unless beef broth is sterilized, it 
spoils very quickly. Pasteur boiled beef broth in a flask with a bent tube. 
As the contents of the flask cooled, water condensed in the bend of the 
tube and so sealed it against the entrance of outside air. No bacterial 
growth was found in the flask even after a long time. When the bent tube 
was unsealed and the germ-laden 
air entered, putrefaction set in 
promptly. 

c. Experiment of Tyndall .'— 

John Tyndall (1820-1893) car^ 
ried the work still further by 
demonstrating tliat putrefaction 
is caused by organisms in the air. 

He called these floating matter and 
used a closed box (Fig. C) with a 
glass front for observation and 
glass windows through which a 


Fig. 5. Fig, 6. 

Fig. 5.—Flask used by Pasleur in his experiments to prove that all life must come from 
life already in existence. A sterile culture was placed in a sterile flask and the top sealed. 
After boiling, water vapor condensed and filled the low curve in the side tube thus prevent¬ 
ing entrance of air-borne organisms. (From various sources.) 

Fig. 6.—Apparatus used by Tyndall in his experiments on spontaneous generation. 
The front and side windows (w, w) of the cabinet are made of glass. Air can enter through the 
two tubes (a, b). The optical test for the purity of the atmosphere within the cabinet was made 
by passing a powerful beam of light from the lamp (I) through the side windows. When the 
atmosphere contained no suspended 'dust' particles, the tubes (c) within were filied, through 
the pipet (p), with sterile culture medium suitable for the growth of germs, but none developed. 
(After Tyn^ll.) 

strong beam of light could be passed. He showed that in a dark¬ 
room, the beam of light sent through the box could be seen only so long 
as there were dust particles in the box. After all these had settled and the 
light was no longer visible inside the box, the materials in the tubes 
were boiled by applying heat to the bottom of the tubes below the 
chamber. No microorganisms appeared in the tubes. 
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2. Why Belief in Spontaneous Generation Persisted So Long.— 
In spite of the foregoing experiments, it was found that microorganisms 
often appeared in cidtures after they were sterilized. For this reason, 
belief in spontaneous generation persisted for a long time. It was found, 
however, that certain types of bacteria form spores that can withstand 
much heating. Therefore, cultures are now often heated a second or even 
a third time on successive days. By that time, all the spores have had 
time to germinate, and the growing organisms are killed by heating. The 
cultures will remain sterile so long as they are properly sealed. 

B. Other Theories.—Some of the other theories as to the origin of 
life take into consideration the theory that the earth was once a molten 
mass. As it cooled, the theory is advanced, conditions might have made 
possible the chance combination of elements that produced life. 

Another theory, the cosmozoa theory^ is that life came from another 
planet. How the life germs got here cannot be explained. They probably 
could not have come on meteors, since in passing through the earth’s 
atmosphere, meteors become red hot. 

There are various other theories, but since none can be either proved 
or disproved, they must rest on speculation. 

C. Omne vivum e vivo.—All life from preexisting life is accepted as 
lli(‘ only way living things are known to develop today. Where life origi¬ 
nally arose no one knows, and the theories as to the origin of life rest 
mainly upon speculation. All attempts to synthesize living matter have 
so far failed. 

In our modern day, there is considerable speculation as to the nature 
of filterable viriuies. They go through tlic finest filters, and some of them 
may be crystallized; yet they are self-propagating and cause such diseases 
as smallpox, rabies, measles, etc. Whether they are animate or not is still 
debatable. 


Questions 

1. How can living and lifeless matter be distinguished? 

2. Why is a good definition of life not possible? 

3. Distinguish between organic and inorganic matter. 

4. Give a full account of the characteristics of living matter. 

5* Explain the difiference between vitalism and mechanism. 

6. a. What is spontaneous generation? 

6. How was it disproved as an explanation for the origin of life? 
e. Why did belief in the theory persist so long? 

d. Is there any evidence that, under present conditions, life arises de novof 

$U 99 CSted References ^ 
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Inc., 1030. 

SchXpbb, E. a.: Life: Its Nature, Origin and Maintenance, Science, Vol. 36, 1012. 
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CHAPTER n 

THE SMALLEST UNITS IN NATURE 


For the World was built in order. 

And the atoms march in tune; 

Rhyme the pipe, and time the warder 
The sun obeys them and the moon. 

—Emerson. 

I, The Nature of Matter 

As has been said, the terms living and lifeless refer to states or con¬ 
ditions of matter. After learning something of the characteristics of living 
matter, it is natural to inquire, what is the basic nature of matter? Al¬ 
though any full understanding of the basic nature of matter would require 
an extensive knowledge of physics, it will be sufficient, for the purposes 
of this book, to learn the ABC of the subject. To begin with, it can be 
said that all matter, living or lifeless, is definitely organized into units, 
each with its characteristic structure. 

A. Definition of Matter.—Matter may be defined as anything that 
occupie.s space and has mass. It may be solid, as wood or stone; or liquid, 
as water; or it may be a gas, such as air. It is easy to see that wood and 
water occupy space and have mass; it can be proved that air has these 
same two properties. A simple experiment will make this clear. If one 
attempts to pour water into a narrow-necked bottle in which there is no 
other opening for the air to escape, the water will go in with difficulty. 
Or, better still, if an apparatus such as shown in Fig. 7 be arranged, it 
will be found that as water is being poured into the bottle, air is being 
displaced and forced through a vent tube. This is shown by the fact that 
air comes out of the bottom of the tube. It can be seen in the form of 
bubbles rising to the surface of the water in the test tube. The water is 
evidently displacing the air, thus proving that air has volume. That air has 
weight can be proved by weighing a bottle full of air, then pumping out 
the air with a suction pump, and weighing the bottle again. It will weigh 
less than it did before the air was removed, thus proving that the air has 
weight. 

B. The Smallest Units in Nature. 1. Atoms.— All matter on earth, 
living or lifeless, is composed of atoms^ of which about 92 kinds are known. 
They are so small that they cannot be seen with a microscope, and it is 
difficult even to imagine them. 
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As to their structure, physicists are still struggling with many difficult 
unsolved problems, which require elaborate apparatus and methods for 
solution and may not be satisfactorily solved for many years. 

The following account is only one of several theories but is the simplest 
and generally most useful. The newest conception treats electrons as 
waves^ but it is sufficient for us to consider them as particles. 

Each kind of atom has its own peculiar characteristics. A gold atom 
is different from a silver atom, a lead atom is different from a chlorine 
atom, etc., the unique properties of each being due to its own internal 



Fis. 7.—Experiment to prove that air has mass. As water is poured into the bottle, air 
is displaced, enters the bent arm and bubbles out throush the water in the test tube. 
(L. Runyon.) 

organization. The organization of an atom may be compared to a minia¬ 
ture solar system. Each atom has a nucleus that is the center of a system, 
just as the sun is the center of the solar system. Around the nucleus revolve 
the particles, the electrons, in much the same manner that planets revolve 
around the sun. The electrons carry negative charges of electricity, and 
the 'protons in the nucleus carry positive charges of electricity. In addition 
to the protons, there may be neutrons in the nucleus that bear no 
charge at all. The electrons arranged around the nucleus are those with 
negative electric charges that just balance the excess positive charges of the 
protons in the nucleus. In a diagrammatic way. Fig. 8 shows the structure 
of an atom of oxygen, an atom of hydrogen, and an atom of carbon. Elec¬ 
trons seem to be all alike; only their number and arrangement appear to be 
responsible for the different kinds of matter. This fact gives the key to the 
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composition of all matter. The atom with the largest number of electrons 
is uranium, which has 92; the atom with the smallest number of electrons 
is hydrogen, which has only 1. 

2. Elements. —Materials made up of one kind of atom, such as 
gold, silver, iron, chlorine, and the like, are called elements. Of the 92 
elements usually listed, 90 are well known, and 2 (or more) are suspected 
to exist, tliough rare. 

The character of each element is due to the structure of the atoms of 
which it is made. Just as a builder can take a few kinds of materials and 
build many kinds of buildings, so nature has used first atoms to make 
elements and then elements to make the infinite variety of substances 
both organic and inorganic that make up tlic world and all that it con¬ 
tains, living and nonliving. 



Fif. 8.—Diasrim illustratins tha atomic structure oxygen, hydrogen, and carbon. These 
atoms are neutral unless they give up or add an electron. 

3. Molecules. —A molecule of a compound is the smallest part of 
that pure substance which has the same composition as any larger portion 
of the substance. For example, a molecule of sugar is made up of carbon, 
hydrogen, and oxygen atoms. If the molecule is taken apart, it will no 
longer be sugar. Therefore, a molecule of sugar is the smallest part of 
sugar that can exist and still be sugar. There may be molecules consisting 
of one element, as oxygen, hydrogen, chlorine, etc., or there may be 
molecules consisting of two or more elements, such as sodium chloride. 
A molecule, then, is usually made up of two or more atoms, though some 
exceptional molecules consist of single atoms—^helium, for example. 
These may be alike or different in kind. Sodium chloride (table salt), 
for example, is made up of one atom of sodium and one atom of chlorine 
(see below). Large molecules consist of many kinds of atoms. It is impor¬ 
tant to remember this, because molecules of proteins, which are sub¬ 
stances characteristic of living things, are very large and very complex. 

4. Ions. —^An atom is neutral because the positive charges of the 
nucleus exactly balance the negative charges of the electrons. If an atom 
gains or loses an electron, the electric balance is disturbed. If it gains an 

^ The nucleus of oxygen has 8 protons carrying positive charges and 8 neutrons carrying 
no charges; the nucleus of carbon has 0 protons carrying positive charges and 6 neutrons 
carrying no charges. 
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electron, it becomes negatively charged; if it loses an electron, it becomes 
positively charged. These eleQtrically unbalanced particles are ions; they 
carry either negative or positive charges of electricity. It is a well-known 
fact that objects that carry like charges of electricity repel each other, 
whereas objects that carry unlike charges, positive and negative, attract 
each other. With this in mind, it is easy to understand how compounds 
are formed. 

5. CoMPOUNDK. —Figure 9 is a diagrammatic representation of sodium 
and chlorine atoms. As hks been explained, these atoms are neutral 
because the positive charges of the protons of the nucleus just balance 



SODIUM CHLORIDE 

Fig. 9.—'Dingram to represent the formation of a compound, sodium chloride, from an 
atom of sodium and an atom of chlorine. If the neutral sodium atom loses an electron, it 
becomes positively charged; if the neutral atom of chlorine gains an atom, it becomes nega¬ 
tively charged. When the positively charged sodium meeb the negatively charged chlorine, 
they unite to form sodium chloride. 

the negative charges of the electrons. Atoms may give up or add elec¬ 
trons.^ If sodium loses the one electron in its outer shell, the balance is 
upset, and the number of positive charges becomes greater than the 

^The nucleus of sodium has 11 protons carrying positive charges and 12 neutrons 
carrying no charges; the nucleus of chlorine has 17 protons carrying positive charges and 
18 neutrons carrying no charges. 

* The number of electrons in the outside orbit of atoms varies from one to eight. When 
eight are present in the outer orbit, the atom is inactive. When there are less than eight in 
the outside orbit, the atoms tend to gain or lose electrons to make an outside orbit of eight. 
Atoms with one, two, or three electrons tend to give electrons to other atoms during 
chemical changes. Atoms giving up electrons become positively charged; atoms gaining 
electrons become negatively charged. Atoms with four electrons in the outside orbit may 
give them up, becoming positively charged, or may add more and become negatively 
charged. Atoms with five or more electrons may give them up but tend to take on the 
needed ones and to make up eight and so to be negativety charged. 
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negative charges. The particle is then^a positively charged ion. Referring 
again to Fig. 9, it will be noted that the outer shell of chlorine has only 
seven electrons. If it takes up another electron, the number of negative 
charges will be greater than the number of positive charges. The particle 
will then be negatively charged. Now when the positively charged sodium 
ion meets a negatively charged chlorine ion in a solution, the two attract, 
each other and unite, forming a molecule of sodium chloride. This mole¬ 
cule will be neutral, since the positive charges balance the negative 
charges. We can say, then, that sodium chloride is a compound made up 
of molecules of sodium chloride. The molecule of sodium chloride is, in 
turn, made up of a positively charged sodium ion and a negativ^ely 
charged chlorine ion. These ions will separate under the influence of an 
electric current. 

6. Electrolytes. —The molecule of sodium chloride, as has been 
said, is neutral. If, however, it is dissolved in water, the ions are free to 
move and are able to carry electric charges. Now, if a current of electricity 
is carried through the solution, the ions with a positive charge, as sodium 
(Na+), will go to the negative pole and the negative ions, such as chloride 
(Cl”"), in this case, will go to the positive pole. Sodium and chlorine will 
thus be separated from each other by the process known as electrolysia. 
The definition of an electrolyte is ""‘a substance that will form ions in 
solutions.’* The substances forming ions in solution are called electrolytes 
because the ions carry charges of electricity, either positive or nega¬ 
tive. Acids, bases, and salts are electrolytes; sugar and alcohol are 
nonelectrolytes. 

C. Valence.—When chemical reactions take place and compounds are 
made, the positive and negative charges must balance, as Na+Cl”, 
H+H‘^0 — H 2 O, etc., for all compounds. The valence of an element 
depends on the number of electrons it tends to gain or lose and expresses 
the unit combining power of the element for other elements. Sodium 
has a valence of one and can take on one atom of chlorine; calcium has a 
valence of two and can take on two atoms of chlorine, forming calcium 
chloride (CaCla). As has been pointed out, the tendency of an atom to 
gain or lose electrons is related to the number of elec^trons in its outer 
shell. Sodium, as we have seen, has one electron in its outer shell, which 
it may lose. The positive charge that the atom gains when it loses the 
negatively charged electron is its valence. The oxygen atom has six 
electrons in its outer orbit (Fig. 8.4). When it enters into chemical change, 
it tends to take on two electrons, to fill out the number eight in its outer 
orbit. This gives it 10 negatively charged electrons and 8 positively 
charged protons. It follows that it has two more negative than positive 
charges. Its valence is therefore two. It will be seen that valence is a 
definite property of each element. 
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D* Radicals.—Radicals are groups of atoms that remain together 
during most chemical reactions. They may be considered as a single ion 
with a characteristic valence. Some common examples are the hydroxide 
radical (OH)~, with a negative valence of one; the sulphate radical 
(SO4) , with a negative valence of two; and the ammonium radical 

(NH 4 )+, with a positive valence of one. An example of how this works out 
may be shown in the formula for sulphuric acid. The sulphate radical, 
with a valence of two, would take two positively charged hydrogen ions 
(with a valence of one) to balance its two negative charges, as H2SO4. 

E. Acids, Bases, Salts.—That acids are sour is a fact familiar to us all. 
Litmus is colored red in a simple test for acidity. Acids are compouncls 
that liberate free hydrogen ions upon contact with water. If the definition 
of an ion as a piirticlc that has lost or gained an electron is recalled, it is 
easy to understand that an ion of hydrogen is one that has lost its one 
electron (Fig. SB). A hydrogen ion will unite with a chloride ion to form 
hydrochloric acid, IICl, or it will unite with the sulphate ion to form 
sulidiuric acid, 1 I 2 S() 4 , etc. 

Base,S' are compounds that contain negative hydroxyl ions, A hydroxyl 
ion is a radical that consists of hydrogen and oxygen (OH)"“ and that has 
a valence of one. Bas(»s are alkaline and turn red litmus paper blue. An 
example of a base is sodium hydroxide, NaOH. 

jSa//.9 are formed in several ways, but in each case an acid reacts with 
another substance, or two salts react with each other to form a different 
salt. A good example of the formation of a salt is the reaction of an acid 
with a base, e,g., hydrochloric acid + sodium hydroxide gives sodium 
chloride, which is a salt, and water (NaOII + HCl = NaCl + H 2 O). If 
the solution containing the salt is evaporated, crystalline sodium chloride 
is left. 

F. Energy.—Energy may be <lefined as the power to do work or to 
produce change in matter. The familiar fonns of energy are heat, light, 
sound, and chemical, electric, and mechanical energy. The two types of 
energy are potential and kinetic. Potential energy is due to position; 
kinetic energy is expressed in motion. Energy fixed or stored in foods or 
in a lump of coal is potential energy due to the positions and arrangements 
of atoms therein. When energy in foods is converted into heat an<l motion 
by chemical reactions, it becomes kinetic energy; similarly, when a lump 
of coal is burned, the stored-up potential energy is converted into heat 
and light and, therefore, becomes kinetic energy. 

All living processes involve the use of energy in some form. As we 
shall see, when a plant makes its food from the carbon dioxide of the air 
and the water from the soil, it must have energy from the sun. This is 
stored up in the sugar that is made (see page 140). It is released when this 
sugar is utilized either by the plant itself or by other organisms. 
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II. Why Biologists Need to Know Something of the 
Structure of Matter 

From the foregoing account, it will be seen that all matter, living or 
lifeless, has the same fundamental composition. Living processes are very 
complex, and not all of them arc yet fully understood. It is important, 
however, for biologists to understand that these living processes are 
possible because of the nature of matter. That all matter is one, differing 
only in the make-up of the atoms, seems almost unbelievable. Even a 
superficial study, such as we have made, should give a concept of law 
and order in the make-up of the universe, including the living tilings in 
that universe. 


Questions 

1. What is matter.'^ How can you prove that air has both muss and weight? 

2. W^hat are the snialJest units in nature? Discuss the structure of an atom, defining 
planetary system, proton, electron, nucleus. 

8. If the nucleus of an atom is changed, how is the nature of the atom altered? If the 
number and arrangement of the electrons is changed, how is the nature of the atom 
affected? 

4. What is an ion? What is its role in the formation of compounds? 

5. DcGne element, molecule, electrolyte. 

6. Discuss the significance of valence. 

7. Explain why the sulphate radical SO 4 requires two hydrogens, II 2 . in the making of the 
sulphuric acid molecule. 

8. Define acid, base, salt. 

9. Discuss energy and its relation to living things. 

10. Why do biologists need to know something of the nature of matter? 
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PROTOPLASM 


Life is a wave which in no two consecutive moments of its existence is composed of 
the same particles. 

—John Tyndall, 

I. Not All Protoplasm Is Alike 

The unique characteristics of living things are due to the character of 
protoplasm. Max Schultze (1825-1874) called protoplasm the 'physical 
hcuiis of life/ Later, Thomas Huxley (1825-1895) used this definition as 
the title of a famous essay. ‘‘The physical basis" of life is a good descrip¬ 
tion of protoplasm, for, whether at work in the brain of the wisest man 
or in the cells of the lowly plant, it is the fundamental “life stuff.’^ It is 
capable of infinite variety and constant change. Cat protoplasm and 
dog protoplasm are not alike; the protoplasm of the corn leaf differs from 
the protoplasm of the oak leaf; indeed, the protoplasm in different parts 
of the same organism differs to some extent. For example, the protoplasm 
of a liver cell is different from that of a muscle. Yet, in spite of this, tne 
fundamental nature of all kinds of protoplasm is the same. The differences 
are due to variations in organization; i,e., the proportions and kinds of 
molecules are not always the same. Although something is known of the 
chemical and physical nature of protoplasm, an explanation of its peculiar 
and changing organization has not been worked out satisfactorily. How¬ 
ever, it is known that protoplasm is made up of the same atoms that are 
common in nonliving materials. A glance at the table of elements present 
in protoplasm, as given below, will bring out this fact. No atom peculiar 
to living things has been discovered. 

II. First Studies of Protoplasm 

In 1835, Dujardin, a Frenchman, observed a semiliquid substance in 
the cells of animals that he called sarcode (Gr. sarx^ flesh; eidos, form). 
The name protoplasm was proposed in 1846 by Hugo von Mohl, a German 
botanist, for the living material in plant cells, “slime/’ Purkinje (1787- 
1869) was the first to make use of the name protoplasm for living matter, 
but the term was not in general use until Max Schultze, about 1861, 
demonstrated that the sarcode of animal cells and the protoplasm of 
plant cells were one and the same thing. This was a great discovery that 
influenced the development of the cell theory. 

21 
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III. The Chemical Composition of Protoplasm 

A. The Chemical Elements Present in Protoplasm.—Protoplasm is 
chemically complex, yet all the chemical elements present occur in non¬ 
living materials. As a matter of fact, many nonliving substances are 
produced by protoplasm, such as feathers, fingernails, hoofs, etc. Four 
elements, carbon, hydrogen, nitrogen, and oxygen, make up from 80 to 
99 per cent of protoplasm. Most of the substances that are contained in 
living matter, or are secreted by it, arc compounds of carbon; hence the 
element carbon is considered the most characteristic of elements that 
occur in protoplasm. Witliout carbon there would be no life. 

The percentages of elements in different organisms vary^ but the 
following table^ will give a good idea of the averages of several kinds of 
plant and animal tissue: 


Required by all organisms Per Cent 

Oxygen.76 

Hydrogen. 10 

Carbon... 10.5 

Nitrogen.. 2.5 99.00 

Sulphur. 0.2 

Phosphorus. 0.3 

Potassium. 0.8 

Iron. 0.01 

Magnesium. 0.02 0.88 

Not required by all organisms 

Calcium. 0.02 0.02 

Not required by plants 

Sodium. 0.05 

Chlorine. 0.1 0.15 

100 00 


Note that in the foregoing table only 12 of the 92 elements usually 
included in the list of elements are listed. 

There are also traces of iodine and copper and several other elements. 

The preceding elements are not free but are combined in the elaborate 
compounds of protoplasm. When chemical compounds are formed, the 
elements comprising them lose their characteristics. For example, when 
hydrogen and oxygen form water, hydrogen as such and oxygen as such 
disappear. 

B. Inorganic Salts.—Many salts are present in protoplasm. The most 
abundant of these are sodium, potassium, phosphorus, and calcium, which 
combine with other substances to form chlorides, sulphates, nitrates, 
carbonates, and phosphates. Salts are used in building protoplasm. 

1 Mainly after Plunkett. 
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They also play an important part in life processes and are of impor¬ 
tance in the growth of supporting structures, such as bone, since these 
consist largely of phosphates and calcium carbonate. 

C. Water.—Protoplasm is made up of 60 to 90 per cent water. The 
quantity of water may be reduced to less than 5 per cent in dry seeds; 
on the other hand, jellyfish may consist of about 96 per cent water. 
Even bone contains from 25 to 40 per cent water. Organisms can live 
longer without food than without water. Water has some unique prop¬ 
erties. In the first place, more solids, liquids, and gases will dissolve in 
water than in any other known liquid. Life is dependent upon many 
complex chemical reactions, and it is well known that these reactions 
take place more readily if the substances are dissolved and are thus 
mobile. Water enters into the structure of protoplasm itself and gives it 
its watery nature, thus making protoplasmic streaming, diffusion, and 
the like possible. Water is also concerned with the regulation of tempera¬ 
ture and the manufacture of carbohydrates by green plants (page 140). 

D. Organic Compounds. 1. Proteins. —Most organic compounds, 
t>r the compounds of carbon found in protoplasm, arc proteins, carbo¬ 
hydrates, and fats. Proteins (Gr. proteios^ holding first place) are extremely 
complex. They are made up of large molecules and always contain carbon, 
hydrogen, oxygen, and nitrogen; often they contain sulphur and other 
elements. Most of the proteins do not dissolve in water but can absorb 
great quantities of it. This absorption of water causes them to swell up. 
On account of their large molecules, proteins do not pass through animal 
membranes such as the wall of a bladder. Under certain conditions, they 
coagulate; i.e.y they change from a more or less liquid condition to a thick 
mass, just as the white of an egg coagulates when cooked. 

2. Carbohydrates. —The carbohydrates (L. carbOy coal; Gr. hydoty 
water) are made up of carbon, hydrogen, and oxygen. The common 
carbohydrates are starches, sugars, and cellulose. They are stored in 
plants as reserve foods, sometimes as sugars but mostly as starches. In 
animals they are stored as animal starch or glycogen. 

8. Fats and Fat-like Substances (Lipids^ —^Fats are also composed 
of carbon, hydrogen, and oxygen, but these elements are present in 
proportions different from those of carbohydrates. Although fats resemble 
carbohydrates in composition, they are more complex. Fats, as well as 
carbohydrates, are fuel foods and are used in the production of energy. 
They are stored up as a reserve food supply by both plants and animals. 

4. Enzymes, —^Enzymes (Gr. en, in; zymey to leaven) are produced by 
protoplasm and are indispensable for life. Their chemical composition 
is known in some cases. A few have been isolated and seem to be protein 
in nature. 
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a. Enzyme Activity. —Enzymes bring about chemical change without 
themselves being used up in the process. This means that they themselves 
do not enter into the composition of the products of the reaction. They 
may act over and over again, and a surprisingly small amount of enzyme 
may bring about chemical changes in a large amount of material. 
For example, an enzyme extracted from the pancreas of an animal 
was found to digest % million times its own weight of starch. A 
substance capable of bringing about a change of this kind is called a 
catalyst (Gr. ia/o, down; lysis^ loosening). Many sorts of catalysts are 
known. 

b. Are Enzymes Living? —Since some enzymes can be extracted and 
are able to carry on their activity in test tubes, they are not living. It was 
thought by Pasteur and others that fermentation of sugar by yeast cells 
(page 193) was dependent upon the presence and the activity of the yeast 
cells. In 1897, Buchner demonstrated that enzyme activity can take 
place in test tubes, provided that a compound extracted from the cells is 
present. This compound was, of course, the enzyme. 

c. The Unique Characteristic of Enzymes. —One of the unique 
characteristics of an enzyme is that it will cause only one type of chemical 
reaction; i.e., it is specific. Special enzymes exist for breaking down 
carbohydrates; others, for proteins; still others, for fats. More than one 
enzyme is always involved in breaking down these compounds. For 
example, carbohydrates eaten by animals are affected by one enzyme in 
the mouth and by another, secreted by the pancreas, when they reach 
the intestine (page 543). 

d. Importance of Enzymes. —If a chemist wishes to break down pro¬ 
teins or carbohydrates into simpler substances, he must treat them with 
strong alkalis or acids, often at high temperatures. The reactions arc very 
slow, and much time is consumed. But these reactions are taking place 
all the time, quite rapidly, in living things without the use of strong 
alkalis or strong acids, at low temperatures. Enzymes are responsible 
for this. Similarly, with oxidation processes, if sugars or fats are oxidized 
in a test tube, even in the presence of an abundance of oxygen, the 
process is very slow unless great heat is applied. Yet oxidations of these 
same compounds are going on all the time in the cells of living things, 
with a relatively small amount of heat. Enzymes make this possible 
also. They are responsible for the great amount of chemical activity 
that goes on in cells. 

They may be active, also, outside living cells. In this case, the enzyme 
is poured out by the cell upon the substance to be decomposed. The cell 
then absorbs the products of digestion that it needs. The enzymes of 
yeast, bacteria, some fungi, protozoan parasites, and others act in this 
way. 
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6. Vitamins. —Vitamins (L. vita^ life; amines a chemical compound 
having the radical NII 2 ) are substances found in plants and plant prod¬ 
ucts. Animals have them, also, having secured them from plant sources. 
It is well known that different plants and animals vary greatly with 
respect to the types and amounts of vitamins that they contain. Only 
minute amounts of vitamins are necessary for the performance of their 
functions. As is well known, vitamins are important in nutrition, growth, 
and development in both plants and animals. (For a list of vitamins and 
their work, see page 525; for a table of food containing vitamins, see 
page 873.) 

IV. The Physical Nature of Protoplasm 

A. General Characteristics.—Protoplasm is a semiliquid substance, 
heavier than water and a little more dense. Its fluidity varies under 



Fis. 10.—-Structure of living protoplasm as seen in the starfish. (After Wilson.) 


different conditions. A “streaming movement’' is one of the character¬ 
istics of living protoplasm. “It lets light pass through (is translucent), 
but bends it more than water does (is more refractive).” Thus, a perfectly 
colorless animal may be seen in the water by its refraction image. 

B. Appearance and Theories of Structure.—^Living protoplasm is 
jelly-like and colorless. The white of an egg somewhat resembles proto- 
pl^^un. On account of the activities which it carries on at all times, 
protoplasm changes constantly. Under a good microscope, the formless 
mfilterial may appear foam-like (Fig. 10) at one time and granular at 
am ither. When it is killed and stained, its appearance may be due to the 
me thod of preparation. Different fixing fluids and stains have different 
eff< sets upon this delicate substance. For this reason, several theories as to 
th« structure of protoplasm have arisen. It is generally conceded that the 
col oidal theoj^ most nearly fits all the known facts. Since protoplasm is 
ev r-changing, there can be no universal formula as to its structure. 
TBe theories advanced, with the exception of the colloidal theory, are 
ii|ainly of historical interest. 




26 


BIOLOGY: THE SCIENCE OF LIFE 


The alveolar theory holds that protoplasm is foam-like or is like an 
emulsion; the granular theory sets forth the idea that protoplasm is made 
up of tiny granules, sometimes massed into solids, sometimes arranged 
in a linear series so as to form fibrils; the reticular theory holds that fibers 
are arranged to form a network, the fibers being knotted together; the 
fibrillar theory emphasizes the fibers in the cytoplasm, the idea being that 
protoplasm is a feltwork of fibers; the colloidal theory maintains that 
protoplasm is made up of colloidal systems, and this view is generally 
accepted. This theory does not exclude the possibility, however, that 
some of the foregoing theories may have some truth in them (Fig. 11). 



aeTicuuAR 

Fis. 11*Dia 3 rafn to illustrate the various theories of the structure of protoplasm. 


C. Protoplasm, a Colloidal Mixture.—The term colloid was first 
used by Graham in 1861. The substances that he was investigating 
reminded him of glue (Gr. kolla^ glue); hence the name. 

1. The Colloidal State. —substance in a colloidal state is dis¬ 
tributed in the form of minute particles within another substance. Thus, 
in a colloidal solution or sol, there are a dispersed phase of finely divided 
particles and a continuous phase that is the medium in which the particles 
are dispersed. The particles of a colloidal dispersion are so large that they 
do not diffuse appreciably or pass through certain filters (dialyzin^g 
membranes). But they are too small to be visible except with the ultra¬ 
violet microscope. The size range of colloidal particles is estimated to "t>e 
between 0.0001 and 0.000001 mm. in diameter, | 

There arc many types of colloidal solutions. Some of the most common 
are (1) a solid in a liquid, as starch in water; (S) a liquid in a solid, 4 as 
water in gelatin; (3) a liquid in another liquid, as cream in milk; (4[Va 
gas in a solid, as air in white hair. There are many other types. | 
Protoplasm is a complicated system of dispersions. Its colloidal 
is exhibited in many ways, some of which are too complicated to go ix^to 
here. It can undergo changes in viscosity at constant temperatures, as ^in 
the changing from a liquid to a jelly when new plasma membranes ar^e 
formed or in the flowing of protoplasm, as seen in amoebae or in dividinf g 



PROTOPLASM 


27 


cells. Some of the optical qualities of colloids, as shown by their appear¬ 
ance under a dark field illuminator, are also characteristic of protoplasm. 

Surface Properties of Colloids. —^The surface properties of 
colloids arc due to the enormous aggregate surface area of their particles. 
The manner in which the amount of surface increases if the material is 
finely divided may be illustrated by the division of a cube, 1 cm. on each 
edge. This cube is 1 cm. square on each side and has a surface area of 
6 sq. cm.; if it is cut into eight cubes of equal size, each would measure 
cm. on the edge, and the total surface area would be increased to 
12 sq. cm. If now this cube is cut into particles 100 microns^ on the edge, 
the surface would be increased to 6,000 sq. cm. This enormous surface 
area allows of great activity because of the possibility of concentration of 



F19. 12. —Diagram illustrating phase reversal in a colloidal solution. A. Aqueous phase. 
B. Oil or other nonaqueous phase. C. Interfacial film formed by emulsifying agent. (After 
Clowes; from Sharp, Introduction to Cytology.) 

ions or molecules on the surfaces, or adsorption. The ions are said to be 
adsorbed on the surfaces of the particles. Particles in the cytoplasm 
of a cell carry positive charges and thus adsorb more strongly negative 
ions; the particle.s in the nuclear material carry negative ekntrieal 
charges and correspondingly adsorb positive ions more strongly. 

D. Brownian Movement.—If one looks at living protoplasm under 
the microscope, the granules in some parts appear to be in constant 
motion. This is because the small granules are being bombarded by the 
molepules of water. Brownian movement was named for Robert Brown, 
who, in 1827, noticed that pollen grains suspended in water were con¬ 
stantly in motion. Later, the nature of the motion was discovered. 
Cessation and recurrence of the Brownian movement in protoplasm is one 
of the visible evidences of changes in protoplasmic viscosity. These 
viscosity changes may be of the nature of sol-to-gel transformations. 

E. Sol and Gel States.—A sol state may be defined as a dispersion 
of solid particles in a liquid; a gel state, as a dispersion of a liquid in a 

^ A mieron (Gr. mikroB, small) « 1/1,000 part of a millimeter or 0.000089 in. 
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solid. These states may be reversible, as shown in Fig. 12. The coagulation 
of the blood to form a clot is an example of a sol changing to a gel. 

F. Activities of Protoplasm.—The activities of protoplasm are the 
activities characteristic of life itself. They are metabolism, maintenance, 
growth, reproduction, irritability, and adaptation. These were briefly 
described in Chap. 1 and will be more fully described in connection with 
the study of organisms. This short account will serve as a foundation 
for the study of characteristics of life with which this book is largely 
concerned. 


Questions 

1. Why is “the physical basis of life** a good description of protoplasm? 

2. To what character do you attribute the differences in protoplasm ? 

3. What four chemical elements form a large percentage of protoplasm? What five other 
elements are required in small quantities by all organisms? 

4. Why are inorganic salts necessary to growth and life of organisms? 

5. What is the role of water in living things? 

6. W’hat three types of organic compounds are always present in organisms? 

7. How do enzymes do their work? Are they living? 

8. Where are vitamins found? IIow do they compare w'ith enzymes? 

9. What are some theories as to the structure of protoplasm ? 

10. Explain the nature of colloids. How is the nature of protoplasmic activity attributable 
to its colloidal mako-up? 

11. Explain the nature of Brownian movement. 

12. Discuss sol and gel states. Give examples not mentioned in the book. 

13. Discuss the electrical properties of colloids. What is adsorption? 

14. What are some activities of living protoplasm? 
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CHAPTER IV 

THE CELL 


We have seen that all organisms are composed of essentially like parts, namely 
cells; that these cells are formed and grow in accordance with essentially the same 
laws; hence that these processes must everywhere result from the operation of the 
same forces. 

Schwann. 

I. Units of Living Organisms 

The cell is the unit of living organisms. Some plants and animals are 
single cells while others contain billions of cells; yet even these were at 
one time single cells since they have developed from a fertilized egg. 


11. Discovery of Cells 

A. Why Cells Were Not Discovered Earlier.—Most cells are so small 
that they cannot be seen with the naked eye; a compound microscope 



Fig. 13.—*Hooke*f compound nAcroscope (1665). (From Carpenter, The Microscope and ib 
Revelations, J. and A. Churchill.) 


must be used to study them. The discovery of cells had to wait upon the 
perfecting of the microscope (Pig. 13) and the development of technical 
methods of preparation of tissues for study. Really to see what a cell is 
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like, one must first kill it and then stain it with a dyestuff. Over two 
hundred years of research were required to perfect the methods of pre¬ 
paring cells for study that are employed today. 



Fig. 14.—Robert Hooke's illustrations of cork cells as he saw them under his microscope. 
(Reduced facsimile reproduction from his "Micrographia" published in 1665.) 



Fig. 15.—Anton J. Leeuwenhoek, 1632-1723. 


B. Robert Hooke (1635-1703).—Robert Hooke, of England, is usually 
credited with the discovery of cells. When he looked through his micro¬ 
scope at a thin piece of cork, he noted that the cork was made up of little 
box-like compartments that reminded him of the ceils of a monastery 
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But organization does not end there; certain groups of living things are 
found together in special habitats or communities. Organisms are adapted 
to live in certain situations, and, as will be seen later, an understanding 
of the relationships of organisms to their environment is one of the most 
amazing chapters in the study of biology. 

Quettiont 

1. Distinguish between the terms tissue^ organs and sydein, 

2, Discu.s.s three ways in which unity is shown in the living organism. 
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CHAPTER VI 


WHERE PLANTS AND ANIMALS LIVE; 
THE INTERDEPENDENCE OF LIVING THINGS 


IIol, colJ, moist and dry, four champions fierce 
Strive here for mastery. 

—John Miltow. 

I. The Environment 

It is a matter of common knowledge that certain types of organisms 
live in particular environments. For example, whales and seaweeds live 
in the ocean; some types of fish and water lilies live in fresh-water ponds; 
innumerable plants and animals live on the ground; moles, under tlie 
ground; hookworms, in animal bodies. As these familiar examples show, 
there are many natural abodes or habitats (L. habitarey to dwell) of plants 
and animals. Each type of habitat serves as a dwelling place for certain 
definite communities of living things. The question naturally arises as to 
why certain organisms are found only in certain localities. With a little 
study, one soon learns that the physical and biological factors present in 
these communities determine what species arc able to live in each. How 
different are the conditions in a desert compared with those in a fresh¬ 
water pond! Organisms that live in the former could not possibly live in 
the latter. The study of organisms in relation to their environment is the 
science of ecology (Gr. oikos, house; logos, discourse); the response of 
organisms to their environment is the basis for study of adaptations. 
This important subject will be dealt with in Part V of this book. The 
following description of the factors that affect the environment, types 
of habitats, and realms is meant to serve as a sort of ‘‘stage setting” for 
the living world, a discussion of which follows in the next chapter. 

II. Factors Influencing the Environment 

A. Physical Factors.—^Some of the physical factors that help deter¬ 
mine where a plant or an animal lives are temperature, light, moisture, 
gravity, soil, currents, tides, winds, barriers, and chemicals. 

1. Tempebatxtre. —Life is possible for a plant or animal only within a 
certain range of temperature. Yet organisms possess to a remarkable 
degree the power of adjustment to heat and cold. There is, however, a 
minimum and a maximum temperature at which they con live succcss- 
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fully. There is also the optimum} (L. optimus, best) temperature that is 
best suited to their highest development. For example, tigers live only in 
hot countries, whereas elephants, which live in hot countries, also, are 
able to adapt themselves to much colder climates. And so every range of 
temperature—^hot, cold, temperate—has its own peculiar flora and fauna. 



Fig. 25.—A group of desert plents. (A) Ocotillo, e shrub which has leaves only in the 
wet season, in the foreground, a common cactus. (B) Opuntia, barrel cactus. (C) Camegia, 
giant cactus. (Courtesy Dr. E. H. Runyon.) 

2. Light. —It will be seen later that green plants must have light in 
order to live. Some must have strong light; others prefer varying degrees 
of shade. Light is important for most animals, also (page 598); many 
animals cannot stand the direct sunlight. There is a day-and-night 
rhytlim in many organisms. Some animals, such as bees, move about 

> The terms nunimum, maximum, and opiimum are used to describe other factors besides 
temperature. 
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only in daylight; others are nocturnal in their habits, as some birds, 
moths, and many others. 



Fis. 26.—Nes^tive geotropism. In a dark room (to exclude the influence of lisht), two 
bean seedlings were set up as in A. As shown by the clocks in a little less than an hour, the 
plant in pot 2 had changed its position. As the stem has grown in a position opposite to the 
force of gravity, it is negatively geotropic. (Photograph by Dr. E. H. Runyon.) 


3. Moisture. —All living things have water in their bodies; some have 
very little; others, a great deal. Many are organized so as to withstand 



Fig. 27.«—Influence of the environment 
Mature stunted pine tree growing In rocky 
ground. Note cones on the tree. (Courtesy 
ofDr. W.B. Baker.) 


the harshest drought, as in the 
desert (Fig. 25); others can live 
only in water. However, too much 
moisture can be as injurious as too 
little. Earthworms will die in water- 
soaked soil that is normally only 
moist. They are unable to get the 
oxygen they need because the air is 
driven from the soil by the water. 
One type classification of plants 
and animals is upon the basis of the 
moisture they need (page 57). 

4. Gravity. —Gravity affects 
the majority of organisms either 
negatively or positively. In plants, 
roots usually grow downward, and 
stems usually grow upward (Fig. 
26), whereas horizontal branches 
appear not to be affected in the 
same way. The hollow bones and 
air spaces in the bodies of birds 
are modifications that help over¬ 
come the force of gravity. 


5. Soil. —In addition to the alkaline, acid, or neutral conditions of 


the soil, the texture of soil is important for living organisms. The character 
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of soil may be dense, porous, clayey, sandy, or it may contain much 
humus; rocky land may have shallow soil, yet organisms try to live there 
(Fig. 27), These varieties of soil are suited to special groups of plants 
and animals. Further, the rocky beds of streams or soft mud bottoms of 
ponds may harbor very different animal and plant associations. 



Fig. 28.—Animal community on wharf piles in shallow salt water. Vineyard Haven, Mass. 

(Courtesy of American Museum of Natural History.) 

6. Winds, Currents, Tides. —Winds may affect the moisture con¬ 
tent and the temperature of an environment and hence affect the organ¬ 
isms living there. Winds break limbs of shrubs and trees, blow birds and 
insects many miles, and air currents may distribute seeds and pollen. 
Many animals swim against currents; some do not. Many plants and 
animals can live between high- and low-tide marks (Fig. 28) that could not 
live either in deep water or on dry land. 

7. Barriers. —Often there are natural barriers to the distribution of 
living forms. These may be topographic, as mountains, bodies of water. 
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deserts, jungles, and the like; climatic^ as dryness, heat, lack of moisture, 
etc.; or vegetative^ i.e., there may be the presence or absence of suitable 
plants for food supply. It must be borne in mind that what may be a 
natural highway for certain types of animals is a barrier to others. For 
example, fish can go in search of food in the water highways, whereas 
many land animals cannot cross large bodies of water. 

8. Chemicals. —Chemicals found in food, in water, or in the soil may 
affect profoundly organisms in any type of environment. Plants such as 
the loco weed (Fig. 152) may be poisonous and injure animals; there may 
be too much alkali in the water to allow the water to be absorbed by the 
plants; cranberries, mountain laurel, azalea, and many other plants 
demand acid soil, but the great majority of plants do not do well m soil 
that is either too acid or too alkaline. 

Carbon dioxide in the air is necessary if plants are to make sugar 
(page 140). Oxygen is important to most living things, whether they dwell 
in the water or on the land. 

B. Biological Factors; the Interdependence of Organisms.—Biological 
factors, or the effect of living things upon each other, are called the biotic 
(Gr, biolikoSy pertaining to life) factors. Whether one studies a single 
organism in relation to its environment, or communities or associations 
of various species of organisms in their particular environment, certain 
factors of a biological nature arc apparent. 

1. Competition. —The ‘‘struggle for existence’’ among organisms is 
a very real struggle. Food is necessary for life, so that the competition for 
food may be an important factor in the ability of organisms to remain 
in a given environment. Strong plants may preempt the soil or grow so 
tall as to shade the lower layers of plants. There may not be enough 
moisture to go around. Animals may multiply in great numbers and use 
up the available food supply. 

2. Food and Shelter. —Food that is suitable for the organisms must 
be present. Plants, of course, furnish food and shelter for animals, but the 
right sorts of jilants must be present. As the forests disappear, the 
animals that live in them must disappear also for lack of shelter. Animals 
that eat only fle^h are dependent, in the last analysis, upon plants. For 
examp||, a lion may eat a zebra; but the zebra eats only plants. 

8. "fciTEMiEs.—^Enemies may be of two kinds: (1) organisms that prey 
upon each other and (2) parasites. An owl may kill off all the mice in a 
given area, or the chestnut blight may kill all the chestnut trees. There 
is an eternal struggle for existence. It has had, and must continue to 
have, its effect upon life upon this earth. 

Parasites exist at the expense of other organisms. They live inside the 
bodies of organisms as endoparasites or on the outside as ectoparasites. 
AU organisms have parasites^ even the tiny microscopic plants and 
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animals. Parasites will be discussed in detail later. It is sufficient to point 
out here: 


So, naturalists observe, a flea 
Hath smaller fleas that on him prey; 

And these have smaller still to bite *em 
And so proceed ad infinitum. 

—Swift. 

4. Organisms That Help Each Other. —Not all organisms that are 
present in a given environment are cither competitors or enemies. Some 
are mutually helpful. 



Fis. 29.-*BuflFalo or Bison. Great herds of these mammals once roamed the plains of America. 

Buffalo are sregarious animals. (Courtesy of the U.S. Biological Survey.) 

a. Oregarious Animals .—Many animals band together for protection 
or for hunting and arc called gregarious animals (Fig. 29). It is well known 
that certain animals travel in herds: the horse with a male for a leader 
or the buffalo with a female for a leader. Wolves and killer whales may 
hunt singly, or they may combine to secure their prey. Another type of 
as^iation is the rhinoceros bird, which accompanies the rhinoceros and 
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picks the ticks from its back. In return for its food supply, it gives warning 
when the rhinoceros is near danger. 

6. Commensals (L. com, together; mensa, table).—There are some 



Fig. 30.—Commensals. Sea anemones 
growing on the shell ol a hermit crab. 
(Drawn by B. Shamos.) 


association, there is organic union, 
green plants, chlorella, are imbedt 


organisms that live together in a sort 
of permanent association. The word 
commensal means literally together 
at the same table. A good example 
of this type of association is shown 
in Pig. 30. The sea anemone is car¬ 
ried around by the crab and has 
thereby a better chance to secure 
food; the crab is protected by the sea 
anemone in two ways: the anemone 
is good at stinging, and it conceals 
the crab. 

c. Symbionts (Gr. symbiosis^ a 
living together).—In this type of 
Phe green hydra is green because small 
?d in its cells. As do all living things. 



Fig. 31 Symbfotis. Cruslose and folloia Lichant growing on a rock. A lichen it composed 
of an alga and a fungus living together symbloticaily. (Photograph by Dr. E. H. Runyon.) 

the Hydra gives off carbon dioxide and certain nitrogenous substances 
that can be utilized by the plant. The plant uses water and carbon 
dioxide and with the aid of energy from the sun manufactures its food 
supply of sugar, which is usually stored as starch (page 140), During this 
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process of manufacture, it liberates oxygen that can be used by the 
Hydra. A whole group of plants, the lichens (Fig. 31), represents a partner¬ 
ship between an alga and a fungus. Still another type of symbiotic 
relationship is shown by the beneficial bacteria that live in the alimentary 
canals of the higher animals. They aid in the digestion and absorption of 
food and in turn are protected and get their own food supply. 

Some authors believe that commensalism^ symbiosisy and parcLsitism, 
represent varying degrees of the same principle. From a loose sort of 
association, there is progression to organic union that is mutually helpful. 
When the association is carried to extreme, organisms living together 
become parasites, and one lives at the expense of the other and is usually 
detrimental. 


III. Some Types of Habitab 

A. Life in the Water.—The water furnishes an ideal situation for 
untold numbers of organisms from microscopic size to the largest of all 
animals, the whale. Many factors affect the distribution of organisms in 
water: winds, currents, depth of the water, type of shore, type of soil 
on the bottom, migrations of animals, etc. 

1. Salt Water. —Seventy-two per cent of the earth’s surface is 
covered by the sea, and many types of organisms live in this salt water. 
Many float on the surface; some live at great depths; others, at varying 
depths: fish, whales, and the like. Some, like barnacles and seaweeds, 
are attached to rocks or piles (Fig. 28). The sea beaches are populated 
by vast numbers of animals. 

2. Fresh Water. —There are many types of fresh-water habitats: 
pools, ponds, lakes, streams. Many factors influence the types of organ¬ 
isms to be found in these situations. The size of the stream, the character 
of the soil under the water, the amount of vegetation present, pollution 
of the water by erosion or by the wastes of industrial plants are only a 
few of the things that affect the population, both plant and animal, in 
the streams. 

B. Life on Land.—The plants and animals that live on the surface 
of the earth are the ones most frequently seen. Yet there are many types 
of adaptations that organisms must make to live in the varied land 
situations. Desert organisms (Fig. 25) are very different from those that 
live in the depth of the forest, on top of mountains, on the prairies, the 
plains, and in many other places. 

Not all organisms live on the surface of the land. Some burrow into 
the soil, as the mole (Fig. 32) and larva of the 17-year locust. Every 
ounce of garden soil contains not only billions of plants but many animals 
so small as to be seen only with the aid of the highest powers of the 
microscope. 
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C. Life in the Air.—Many animals that live on land and water fly 
through the air, especially the birds and insects. Some plants (epiphytes) 
are designated as air plants, and some Algae live on rocks and tree trunks. 
In the air are carried countless spores and seeds of plants as well as cysts 
of many one-celled creatures. All organisms that are able to navigate 
in the air are adapted for this purpose by a tendency toward lightness 
(page 170). 


•i 



Fis. 32.-—(A) An animal that lives underground, the mole. (B) Ridges made by a mole. 
Often a mole burrows close to the surface, throwing up ridges like this one. (Courtesy of the 
U.S. Biological Survey.) 

D. Parasitic Life.—Parasites are found in all types of organisms, 
from the highest to the lowest. It has already been observed that even 
the one-celled creatures have their parasites. The parasitic habitats 
vary; some parasites inhabit the blood of animals; some arc found in tis¬ 
sues of both plants and animals; still others arc found in practically 
every part of living things. Some parasites are partial parasites, as 
mistletoe (Fig. 70); others, like the hookworm, are total parasites 
(pages S22-324), 

iV. Bioiosicai Communities or Associations 

No organism lives alone; all organisms live in association with other 
living things. The distribution of plants and animals in any community 
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depends upon the physical and biological factors that have been men¬ 
tioned. No one factor is all-important. If the statement is made that 
temperature is the all-important factor, exceptions will be found immedi¬ 
ately. Food, conditions for breeding, etc., all together give sufficient 
reason for the presence or absence of certain forms. A single factor may 
often explain distril:)ution of some forms, but more often there are several 
factors that determine the flora or fauna of a community. 

Organisms may be separated into communities upon the basis of their 
habitat (page 48). For example, the water plants are hydrophytes (Gr. 



Fi 3 , 33.—Map showing geographical realms of the world. (Adapted from various sources 

by B. Shamos.) 


hydor, water; phyton, j)lant); the desert plants are xerophytes (Gr. xeros^ 
dry; phyton). Plants needing a moderate water supply are mesophytes 
(Gr. mesas, middle; phyton, plant). Animals that live in the water are 
aquatic (L. aqua, water); those that live on land, terrestrial; if they live 
both on land and in water, they are amphibious (Gr. amphi, both; bios, 
life). There are many other bases of classification into communities. 
The Ecological Society of America has adopted a classification of the land 
and water communities. A synopsis of this classification will be found 
in the Appendix, pages 871, 872. 

V. Life Realms 

A. Life Realms or Geographical Realms.^ —The world has been 
divided into realms or life zones. Figure 33 shows the six regions most 

^ For a description of these realms, see the Appendix. The seventh, or Polyneasian r^on, 
is often included in the Australian region. 
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commonly recognized. These are based upon the distribution of mammals; 
yet regions are shown in which many other organisms are found nearly 
as often. Each realm has its own characteristics and includes its own type 
of organisms. As the map shows, most of North America lies in the 
Nearctic region (Gr. neo, late or new; arctic). This region has been sub¬ 
divided into four subregions, each with its characteristic groups of 
mammals. 

B. The Four Subregions or Life Zones.—The four subregions in 
North America are the (1) Californian, (2) the Rocky Mountain, (3) 
the Alleghenian, and (4) the Canadian. These life zones are not sharply 
limited; transition zones lie between them. Also, all the plants and animals 
that live in one zone are not limited to that zone, but enough of them 
are so limited as to make it possible to separate one zone from another. 

Moisture and temperature are the two great factors that largely 
determine the character of plant and animal life in a zone. But moisture 
and temperature may vary greatly within a single zone. This is particu¬ 
larly true where a zone contains mountains. A single mountain in a 
tropical region may be divided into as many as five zones: (1) At the base 
of such a mountain, tropical conditions prevail, and plants and animals 
characteristic of the tropics occur. {%) Higher up, mountain conditions 
exist like those in a warm temperate zone, with well-defined summer and 
winter seasons. (3) At still greater altitudes, the temperature is cool, 
trees lose their leaves or may be unable to live. (4) Above the tree line are 
grasses, mosses, and lichens. (5) And finally, at the top, above the snow 
line, arctic conditions may endure throughout the year. The types of 
animals and their behavior in these various zones are similar to those 
encountered as one proceeds from the equator northward or southward 
toward the poles. 

VI. Nature^s Balance 

A. The Web of Life.—pointed out above, in every biological 
community there is competition of various kinds between organisms— 
between plants and plants, animals and animals, and between plants and 
animals (Fig. 34). If one type of plant multiplies very rapidly and takes 
up the food materials of the soil, little is left for the others; or if plants 
make a dense growth, young plants do not get enough light and so die. 
Among the animals, there may be enemies of certain kinds; for example, 
lions will eat many types of animals, or animal parasites may destroy 
large numbers of plants or animals. The presence of many sheep in a 
limited grazing area means that the land will be overgrazed and that then 
the entire character of the area will be changed. In spite of this, the num¬ 
ber of species in any given environment remains about the same, because 
of many delicate adjustments. 
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Darwin figured out a case that illustrates the way in which one type 
of organism depends upon another. The chain of events begins with the 
fact that certain types of clover are pollinated only by the bumblebees. 
Red clover is one of these, and if pollination does not occur, the plants 
will die out. Now the number of bumblebees in a community depends 
upon the number of field mice that are present, since the latter destroy 
the nests of the bumblebees. So it would seem that cats are necessary 
for the clover crop. Huxley added to this chain by suggesting that, on the 



Fis. 34.—Diagram illuftrating "the web of life/* or food relations in a fresh-water com¬ 
munity. Arrows point from the organisms eaten to those doing the eating. (Adapted from 
Shelford.) 


one hand, '‘old maids” were responsible for the number of cats and that, 
on the other hand, the clover furnished the “roast beef of Old England” 
that nourishes her valiant sons, the source of England’s great power. 
Old maids are thus credited with being an important cog in the economic 
system! 

B. Upsetting Nature’s Balance.—^The delicate adjustments of nature 
may be upset by man. A good example is the English sparrow, which was 
imported into this country to help destroy insects. It did this work but 
soon began to drive away the native birds. It has been called the “street 
gamin ” of the bird tribe, because it can obtain a living where other birds 
would starve to death. 

Another example is shown by the rabbits in Australia. It has not been 
many years since rabbits were introduced into Australia. They had no 
natural enemies to hold them in check, and so they multiplied in huge 
numbers. Today they are a great pest, and many people are employed 
to do nothing but hunt them in an effort to rid the country of this pest. 
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C. Is Nature^s Balance Ever Restored?—The answer to this question 
is illustrated by the story of the scale insect, which was accidentally intro¬ 
duced into California from Australia. This insect is very injurious to 
orange trees. Aft(T mechanical means failed to eradicate it, search was 
made for a natural enemy in Australia, and the ladybugllodoliacardinalis 
was brought over (page The ladybiig is a beetle, not a bug; but it is 
often erroneously called ladybug. It is very interesting to note that as the 
scale insects disappeared, destroyc'd by the lady beetles, the latter had 
no food and died in turn. Now these are reared in protected colonies, to 
be used where the need arises. 

VII. Successions and Their Causes 

Plant and animal communities, or associations, are not fixed or static. 
Because of many types of changes in environment, there is a continuous 
succession of organisms in a given locality. One of th(‘ best illustrations 
is the succession of plants in a shallow pond that is drying up. Around 
the edges there will be certain tyj)es of plants like sedges and cattails; 
further back, there will be water lilies and the like; and where the water 
is deeper, there may be submerged and floating plants. There will be 
distinct zones according tq the depth of the water. As the pond dries up, 
a typical swamp will develop that has a very characteristic swamp life 
(Fig. 35). Herbaceous plants will then come in, follow^ed by shrubs, and 
finally a succession of trees. The.se will range from w illows, swamp maples, 
poplars, pines; later, oak and hickory; and, finally, beech, maple, or other 
climax forests typical of a spc'cial region. 

The animal population will also change with the changing environ¬ 
ment. As the water disappears, the animals that live only in the medium 
of water will disappear. New" plants w"hich appear will furnish food and 
shelter to a different set of animals. And .so the succession goes on. Organ¬ 
isms adapted to the new environment will appear, and, as new conditions 
arise, brought about partly by the new organisms, other forms will arrive, 
and this process will continue until the climax for that region is reached. 

Interference with Natural Successions.—It has been seen that there 
are many physical and biological factors that determine the character of 
communities. Fires that destroy climax forests upset many types of 
communities. The succession must ‘"start over.” First herbaceous plants 
and then the succession of trees leading to the climax forest again; and 
so new types of animals come in; a great drought will destroy the life of a 
given region, and new plants and animals will then become established. 

Just as nature’s balance between competing organisms is often upset 
by man, so the natural successions are often interfered with. Forests are 
cleared, streams are polluted with wastes from industrial plants, and new 



Fis. 35.—Swamp lif«. Scenes from the Okefenokee Swamp. (A) Cypress trees with 
*’knees.** (B) Pitcher pianb. (C) Fish. (D) and (H) Planb in shallow water. (E) An anhinsa. 
(F) Open water. (G) Allisator. (Courtesy of Charles Elliott) 

VIII. The Cycles of Elements in Nature 

Earth, that nourished thee, shall claim thy growth, 
to be resolved to earth again 
And, lost each human trace, surrendering up 
Thine individual being, thou shalt go 
To mix forever with the elements. 

And be a brother to the insensible rock 
And to the sluggish clod, where the rude swain 
Turns with his share, and treads upon. The oak 
Shall send his roots abroad, and pierce thy mould. 

—^Bryant. 
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There is a saying that ‘^nothing is ever destroyed.” Matter and 
energy may change form but are used over and over again in the various 
cycles of nature. The three most important elements used by living things 
are carbon, oxygen, and nitrogen. Compounds of these, after being used 
by plants and animals, are returned to the soil or to the air, either by the 
processes of respiration, excretion, and the like, or by decay. The familiar 



Fis. 36.-—Th« carbon cycle. (Betty F. Edwerck.) 

**dust to dust” is only part of the story. The materials are used over 
again. 

A. Tp.e Carbon Cycle.—In Fig. 36, the carbon cycle in nature may be 
followed. The green plant is able to take in carbon dioxide from the air, 
water from the roots, and, with the aid of minerals in the form of salts 
from the soil, to build up still other foods. Thus, the plant grows and 
prospers so long as conditions are favorable. During its life the plant gives 
off to the atmosphere carbon dioxide as a waste product of respiration. 

The fate of the plant is either (1) to be eaten by animals, (^) to die 
what is known as a "‘natural” death, or (3) to be killed. If the plant dies. 
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by whatever means, the bacteria and fungi of decay bring about, in 
course of time, complete disintegration. If the plant is eaten by animals, 
the excretions of these animals are acted upon by the bacteria and fungi 
of decay, also. The dead bodies of plants and animals, as well as their 
excretions, particularly of animals, are gradually broken up, as we have 
said, by the bacteria and fungi of decay into simpler and simpler com¬ 
pounds until all of the carbon is oxidized and returned to the air as carbon 
dioxide. Animals, in the process of respiration, also give to the air carbon 



dioxide. Other sources of carbon dioxide in the air are the combustion of 
coal and other fuels and volcanoes. The green plant is able to take in the 
carbon dioxide and use it in the manufacture of food. This completes 
the carbon cycle in nature. 

B. The Nitrogen Cycle.—^The nitrogen cycle is a little more complex 
than the carbon cycle but is easily followed (Fig. 37). Nitrogen is always 
present in proteins and in plants and animals containing proteins. As 
said before, plants may die naturally, be killed, or may be eaten by 
animals. Animals share a similar fate. As the dead bodies of plants and 
animals disintegrate through the action of decay resulting from the 
activities of bacteria and fungi, other substances besides the carbon 
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dioxide already noted are produced. Odors from the decaying plant 
material are not so otfensive as those from animal excretions and from 
dead bodies. 

Ammonia is always given off from the bodies of decaying plants and 
animals. The formula for ammonia (NH3) is nitrogen 1 part and hydrogen 
8 parts and the source of it is the breaking down of ]>roteins. Several 
types of bacteria possess the power of changing ammonia so that it can 
be used by plants. It is first changed by one special group of bacteria to 
nitrites (NO 2 ) and then by another group of bacteria to Jiitraies (NO 3 ). 
Higher plants can take up nitrogen most readily in the form of nitrates, 
although ammonium salts and, apparently, some organic compounds may 
at times be utilized. Figure 37 indicates the sources of nitrogen. To begin 
with, the atmosphere consists of about 80 per cent of free nitrogen. Some 
of the atmospheric nitrogen is changed to nitrite by the action of lightning 
during thunderstorms. This nitrite is further acted upon by the nitrate 
bacteria and thus becomes nitrate. Two types of bacteria are able to fix 
nitrogen from the air. One type lives free in the soil, and the other lives 
in the roots of certain plants. These bacteria live symbiotically in the 
roots of legumes, which belong to the pea family. Examples are found in 
certain other plants that obtain their food from the cells of their host and 
take free nitrogen from the air. This nitrogen is used in synthesizing 
proteins. 

Since certain types of bacteria can fix the nitrogen from the air, 
farmers often raise in their fields plants that support bacteria that possess 
this power, and then the farmers plow them under. The nitrogen so fixed 
will be changed by bacteria into a form that can be used by plants, i,e,, 
into NO3, which is a nitrate. Denitrifying bacteria also exist. These 
bacteria reduce nitrates and nitrites to free nitrogen, which escapes into 
the air. The character of the soil is important in encouraging nitrifying 
bacteria to multiply and do their work. The best soil is that which is 
porous, thus allowing plenty of air to penetrate into it, and contains a 
medium amount of moisture. Temperature is also important, about 30*^F. 
being the most favorable. On the other hand, the conditions that are 
favorable for the activities of denitrifying bacteria are acid soil, much 
water, not much air in the soil, abundant organic matter, and low tem¬ 
perature. The steps in the nitrogen cycle in nature may be traced in 
Fig. 37. This cycle is occurring at the same time as the carbon cycle; the 
two are separated in this discussion for the sake of clearness. 

C. The Oxygen Cycle in Nature.—The oxygen cycle in nature is 
quite as important as either the carbon or nitrogen cycles. Oxygen forms 
a part of all tissue and is necessary for all oxidations (page 548). Wherever 
plants or animals respire, wherever fire burns, there must also be oxygen. 
The question arises as to why all the oxygen is not used; also, if it is 
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taken out of the air and combined as carbon dioxide, water, or as other 
oxides, how is the supply renewed? The answer to these questions is 
photosynthesis (page 140). To repeat, the plant takes in carbon dioxide 
and water, and, with the aid of energy from the sun, manufactures starch, 
at the same time releasing oxygen, thus completing the oxygen cycle in 
nature. 

IX. Summary 

There is order on the earth in every situation in which life is to be 
found. Organisms are where they are because they are suited to live in that 
situation and because they find there the food and shelter they need. In 
established communities, there is a struggle for existence, but nature has 
established a balance whereby the number and kinds of organisms remain 
about the same. This balance may be upset through natural causes, 
drought, fire from lightning, storms, and the like, or by man—for example, 
when forests are cleared; or animal forms are imported that are parasites 
or that do not have natural enemies. 

Instead of competing with each other, however, certain types of 
organisms live together in associations that are mutually helpful. This 
may be a banding together for protection; or there may be a close relation¬ 
ship that is beneficial in the struggle to live. 

There is a natural succession of plants and animals that follows a 
change in the environment. When a forest is destroyed, certain types of 
plants that can tolerate much light come in; then other types that need 
less light come in; and so the process continues over a period of years; 
finally, the climax forest is reached. There is a natural succession that 
follows change in each type of habitat, the drying up of streams, the 
accumulation of humus on rocky surfaces, etc. 

Nothing is ever lost. Matter and energy may change form, but they 
are used over and over again. This is shown in the cycle of elements in 
nature. Certainly the keynote in the universe is organization. 

Questions 

1. What is ecology? 

2. In what way does each of the physical factors temperature, light, moisture, gravity, 
type of soil, winds, currents, tides, barriers, and chemical factors influence the environ¬ 
ment? 

3. Show how the biological factors competition, food, and shelter determine the distri¬ 
bution of living organisms. 

4. Distinguish between the following; gregarious habits; commensalism; symbiosis; 
parasitism. 

5. Discuss types of habitats, giving examples. 

6. Herw may organisms be separated into; (a) communities, (6) life realms, (c) life zones? 

7. Explain how nature maintains a balance between living organisms. How may this 
balance be upset? How may it be restored? Do you know from personal observation 
of a case in which nature’s balance has been upset? 



66 BIOLOGY: THE SCIENCE OF LIFE 

8 . Discuss successions in nature and their causes. How may they be interfered with? 

9. Give an account of the cycles of elements in nature: (o) the carbon cycle; (6) the nitro¬ 
gen cycle; (r) the oxygen cycle. 

10. Summarize the evidence or organization, unity, hnd interdependence of living things 
as shown by the brief discussion in this chapter. 
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CHAPTER VII 

CLASSIFICATION 


Not chaos-Uke together crushed and bruised. 

But, as the world, harmoniously confused; 

Where order in variety we see. 

And where, tho’ all things differ, all agree. 

—Pope. 

I. The Wealth of Life 

Plants and animals arc everywhere. They exist in infinite variety as 
well as nuinl)ers. Until one knows something of where they live, how they 
vary in the different stages of their life cycles, and something of the hidden 
millions in the microscopic world, it is impossible to appreciate how varied 
is their size, shape, color, and activity. Many plants and animals have not 
yet been named or even seen. About 250,000 kinds of plants are known, 
and about 840,000 different animals have been described. The number in 
both the plant and animal kingdoms increases every year as new forms 
are discovered and described. 

A. Classification Brings Order Out of Chaos.—Separating such a 
vast assemblage of plants and animals into groups at first seems hopeless. 
Yet order has been brought out of chaos by the efforts of thousands of 
biologists who have studied plants and animals during the past two^ 
hundred and fifty years. It has been found possible to collect into groups 
organisms that resemble one another in ways that will separate them from 
other organisms. For example, only birds possess feathers. On the basis 
of this one characteristic the 14,000 species of birds can be separated 
from all other animals. Similarly, only mammals possess mammary 
glands for the secretion of milk. This characteristic distinguishes the 
4,000 known species of mammals from all other animals. By the use of 
characteristics of this type, biologists have found it possible to classify 
all living things. This branch of biology which is concerned mainly with 
classification is called taxonomy (Gr. taxis, arrangement; nomos, law). 
Botanical taxonomy is called systematic botany and zoological taxonomy 
is called systematic zoology. 

1. Scientific and Common Names. —The question is often asked, 
‘‘Why bother with scientific names?” The common names are descriptive 
and easy to remember, it is true, but only so long as one locality is taken 
into account. Different localities have different names for the same 
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organisms. For example, the bird to which biologists have given the name 
Colinus mrginianus is known in some parts of the country as a bobwhite; 
in other regions, as a partridge; in still other localities, as a quail. The 
scientific name Colinus virginianus, however, is the same not only every¬ 
where in this country but everywhere throughout the world, regardless 
of language. 



Fis. 38.—Aristotle (384-322 B.C.). From a bas-relief found in the collection of Fulvius 
Ursinus. (From Locy, Growth of Biology, Henry Holt and Company.) 

The following reasons may be listed as to why scientific names are 
desirable: 

а. They make lengthy descriptions of kinds of plants and animals 
unnecessary and so simplify the study of biology. 

б. When scientific names are used, one is always certain which 
organism is meant. 

c. Organisms are grouped on the basis of resemblance; hence scientific 
names usually indicate relationships. 

d. Scientific names arc universal; i.e., they may be used throughout 
the world, regardless of the language of the people. 

2. Early Systems of Classification, a. The Greeks .—The early 
Greek naturalists had devised systems of grouping plants and animals 
for convenience in studying. Most of these systems now seem to us 
artificial, because they are based upon superficial characteristics, habits, 
and the like. These early naturalists were without the knowledge of the 
structure of living things that has now been accumulating for hundreds 
of years. It might seem natural to group plants as herbs, shrubs, and 
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trees or animals as air dwellers, land dwellers, and water dwellers; but 
these groupings do not show the true relationships of organisms. 

Probably the first attempt to classify animals scientifically was made 
(Fig. 38) by Aristotle (384-322 b. c.). Theophrastus and other Greeks 
made attempts to use some scheme of classification as noted above. 
After their time came the Dark Ages, when scientific study was at a low 
ebb. In the early sixteenth century, an increasing number of people 
became interested in biology. Many of these were trained doctors and 



Fig. 39.—Carolus Linnaeus (1707-1778), a great botanist who established our present 
, system of classification of living things. 

preachers who took up the study of plants and animals as a hobby. At 
this time, there were many attempts to develop systems of classification. 

6. John Ray (1627-1705), an Englishman, is often spoken of as the 
first systematist, because he used structure as the basis of his classifica¬ 
tion. Some of his groups were natural groups, but his system of branching, 
always by twos (dichotomous) did not prove practical. His work was 
important, however, and was the foundation upon which the Linnaean 
system was built. 

3. The System of Linnaeus. —Our present system of classification 
may be said to begin with Litinaeus (Karl von Linn6, 1707-1778), a 
Swedish biologist who lived at Upsala (Fig. 39). He is often referred to as 
the father of classification^ for, with some additions, he developed the 
system that is the foundation for the system we now use. Like many of 
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the early biologists of his time, he was educated to be a doctor. His 
especial interest was botany, but he did much work in classifying animals. 
The accepted scholarly language of Linnaeus’ day was Latin, and he wrote 
his famous book “Systema naturae,” first published in 1735, in that 
language. Twelve editions of this book appeared between the years 
1735-1778, but it is the tenth edition, published in 1758, that contained 
the system upon which the system now used in naming of animals was 
based. The “Species plantarum,” published in 1753, furnished the basis 
for the naming of plants. 

Linnaeus divided the living world into plant and animal kingdoms. 
He recognized four other groups in his system of classification. Organisnis 
that were alike except for small differences he considered as belonging 
to the same species group; then a number of species, all having the same 
fundamental features, were placed in a larger group, a gejius (pi. genera). 
F'ollowing the same plan, genera with similar features were placed in a 
group called a class. The whole of the animal kingdom was divided by 
Linnaeus into six classes, four of which were vertebrates. Naturally, 
these classifications were inadequate, but the orderly arrangement of 
plants and animals into definite groups was a great step forward. Linnaeus 
held the erroneous belief that species were fixed and unchangeable. This, 
of course, differs from modern conceptions based upon precise research. 

The Binomial System of Nomenclature. —The system of Linnaeus is 
often called a binomial system (L. 6i, two; nomen^ name), because he gave? 
to each plant and each animal two names: a genus name and a species 
name. The scientific name for man, for example, is Homo sapiens. This 
system becomes a trinomial system when a subspecies is indicated, as 
Homo sapiens europeus. 

4. Modern Classification. —The Linnaean system is still used, but 
other divisions have been added. These are phyla (sing, phylum) and 
families. In addition, prefixes super and sub, usually the latter, are used. 
For example, subspecies, subclass, etc. Some systematists use other terms, 
as legion^ division^ section^ etc. 

a. Haw the System Works. —^This is best made clear by examples. If a 
common representative of the animal and plant kingdoms is traced 
through all the divisions, it becomes clear how the system works. 

(1) Species and variety. —Perhaps one of the animals most familiar 
to everyone is the dog. His species name is familiaris. It is not easy to 
define what a species is. For the purposes of this book, it is sufiElcient 
to say that a species is a group of plants or a group of animals in which 
the individuals resemble each other but differ visibly from other plants 
and animals. Further, they will interbreed freely but will only rarely cross 
with other groups. A smaller divi.sion than species would be variety. For 
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example, there are many varieties of dogs (page 745), the fox terrier, bull¬ 
dog, greyhound, and many other breeds, all belonging to the one species 
familiaris. The species name is written in italics but is not capitalized. 

(2) Genera (Fig. 40).—The scientific name of the dog is Canis 
familiaris. The name Canis is not restricted to dogs but is used also for 
a number of other animals that resemble the dog. Among the dog-likc 
animals are the timber wolf and coyote, or prairie wolf. These wolves 



SCARLET W 

WHITE BEAR 

Fig. 40.—^Species form genera. The bur, chestnut, live, scarlet, white, and bear oaks are 
different species belonging to one genus, Quercus. (B. Shamos.) 

resemble the dog in some ways but differ from the dog in other respects. 
Dogs and wolves are, however, closely related, their first name being 
Canis. This is the genus name. It is usually written with an initial capital 
letter and in italics. The complete scientific name for the dog is Canis 
familiaris; that of the wolf is Canis nuhilis; that of the coyote, Canis 
latrans. There are many varieties of each of these. 

(3) Families (Pig. 41).—Genera that resemble one another are 
organized into families. Foxes, for example, resemble dogs and wolves in 
many respects. For this reason, the genus Vulpes, which contains the 
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red fox, the genus Urocyon, which includes the gray fox, and the other 
genera of foxes are included with the genus Carlin in one family, the 
Canidae. Similarly, cat-like animals such as lynxes and panthers are 
included in the family Felidae; bears, in the family Ursidae; seals, in 
the family Phocidae; etc. 



(Courtesy of Dos News.) (Silver King, Courtesy of Fromm Brothers.) 

FIs. 41.—Genera form families. The dog (genus Canis) and the fox (genus Vulpes) both 

belong to the family Canidae. 

The name of the family always ends in idae and the subfamily in 
inae^ and the name of the family is derived from the type genus of the 
group. For example, the name genus for dog is Canis; the family name 
would be Canidae, the subfamily Caninae. 



(R. Hegner.) (Natural History Society of (U.S. Biological Survey.) 

Maryland.) 

Fig. 42.—Families form orders. The house wren (family Troglodytidae), white-throated 
sparrow (family Fringillidae), and the raven (family Corvidae) all belong to the order 
Passeriformes. 

The names of all the groups above the genus group begin with a 
capital letter, but the names are not italicized. 

(4) Orders (Fig. 42).—The four families mentioned above are placed 
together with other flesh-eating groups into one order, the Carnivora 
(L. caro, flesh; vorare^ to devour). 
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(5) Classes (Fig. 43).—Following the same scheme, the orders 
having similar features are placed into classes. For example, the order 
Carnivora is combined with certain other orders into the class Mammalia. 
All the animals in these orders nourish their young with milk secreted in 



(U.S. Forest Service.) (U.S. Biolosicel Survey.) 

Fis. 43.—Orders which have similar features form classes. The moose, an even-toed 
ungulate (order Artiodactyla) and the bear (order Carnivora), a carnivorous animal, both 
belong to the class Mammalia. 

the mammary glands of the female. Eighteen orders of mammals are 
recognized. Examples of these are shown in Fig. 52, page 91. 

(6) Phyla (Figs. 44 and 45).—The class Mammalia, together with 
six other classes of animals that are characterized by the presence of a 



(U.S. Bureau of Fisheries.) (U.S. Bureau of (C. Clarke.) 

Entomology.) 

Fig. 44.—Classes form phyla. The blue aab (class Crustacea), the horse fly (class Insecta), 
and the garden spider (class Arachnoidea) are all "jointed footed" animals belonging to 
the phylum Arthropoda. 

backbone, are placed into a single subphylum (G. sub, below; pyZon, race 
or tribe), the Vertebrata. These are fish, amphibians, reptiles, birds, 
r,tc. Then the subphylum Vertebrata and three other subphyla are 
grouped together in the phylum Chordata (L. chordatus, having a chord). 
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(7) Kingdoms (Figs. 46 to 52).—Finally, the whole of the living world 
is divided into two kingdoms, the animal kingdom, Animalia, and the 
plant kingdom, Plantae. 

5. Classification of Plants ,—The same system is used in naming and 
classifying plants. Tlie oak is a familiar tree, and the white oak is a fine 
representative of that genus. The species name for the white oak is a/6o, 
which is a Latin word meaning white; the species of the oak trees are 



(E. R. Mosher.) (Courtesy of U.S. Forest Service.) 

W (W 

Fis. 45.—^Subphyla form phyla. The elm (subphylum Ansioipermae) and the fir (sub- 
phylum Gymnospermae) are both members of the phylum Spermatophyta, or the seed plant 
group. (For a different classification see page 205.) 


grouped together in the genus Querciis (L. quercus^ Oak). The scientific 
name of the white oak, therefore, is Quercus alba. Oaks, beeches, chest¬ 
nuts, and some other trees are grouped together in the family Fagaceae. 
Then this family, together with the birch family and some others, are 
included in the order Fagales".TPlants that have two seed leaves are all 
placed together in the class Dicotyledoneae. The dicotyledons, together 
with plants having one seed leaf, the monocotyledons, form the sub¬ 
phylum Angiospermae. All the seed-bearing plants (angiosperms and 
gymnosperms) are included together in the phylum Spermatophyta. 
(Newer classification, page 205.) 
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After the method of operation of the classification system is under¬ 
stood, it may be helpful to contrast the classification of the dog and the 
white Oak. 

The l)og The White Oak 

Kingdom.Animalia.. Plantae 

Subkingdom.... Metazoa. 

Phylum.(’Ihordaia (anirnaLs with.Spermatophyta (seed plants) 

notochords) (page 210) 

Subphylum.Vcrtebrata (animats with.Angiospcrmae (flowering plants) 

backbones) 

Class.Mammalia (animats with.Dicotyledoneae (plants with two 

mammary glands) seed leaves) 

Order.C’arnivora (animats that eat flesh).. .Fagalcs (birch order) 

Family.Canidae (dog like carnivores).Fagaceae (beech family) 

Subfamily.(>aninae (dogs and their relatives)... Ca.stancac 

Genus. Cams (dogs). Quercus (oak) 

Species. familiaris (the domestic dog). alba (white) 

It is easy to see from the preceding examples what a workable method 
of classifying plants and animals our present system is. In spite of this, 
however, there are wide differences of opinion as to divisions and sub¬ 
divisions. For example, many botanists use the term division in the sense 
in which zoologists use the term phylum. International congresses^ 
have formulated rules for classification, but in spite of this, differences in 
classification will be found in reference books. 

B, Classification Is a Tool.—A system of classification is only a tool 
to be used in understanding the relationships of living things. Such an 
understanding involves something more than knowing “who’s who’* 
among organisms. A knowledge of life cycles, distribution, development, 
and structure of the form to be classified is essential before the form can 
be fitted into the general scheme of the organization of the living world. 
With this in mind, it is hoped that the following abridged and simplified 
classification will furnish the student with a bird’s-eye picture of the 
world of plants and animals. It is hoped also that it will serve as a ready 
reference to answer questions that will very naturally arise about repre¬ 
sentative organisms that illustrate the principles of biology. It is not 
expected that the student shall memorize the classification here presented, 
but through it he should understand something of the relationships of the 
living world. A more detailed classification will be found in the chapters 
of Parts II and III. 

* In 1898, the International Congress of Zoology appointed an international commission 
that drew up a set of rules applying to the divisions of the animal kingdom. The Inter¬ 
national Rules of Botanical Nomenclature were originally adopted by the International 
Botanical Congresses of Vienna (1903) and Brussels (1910). Modifications of the ori^nal 
rales drawn up ace niade frpip time to time. 




















II. Representatives of the Livins World 

A. The Plant Kingdom 

Phylum T. Thalloph3rta (th& 15P If ta). Thallus plants (page 180); no roots, stems, or leaves. 
Subphylum A. Algae (aPje). Thallus plants that contain chlorophyll. About 20,000 
species. 

Class I. Mtxophyceae (mlfk' so ft’s' e 6). Blue-green Algae; Glcocapsa, Oicillatorin, 
Class II. (^HLOiiOPHYCEAE (Ivlo' TO ft' SC c). Crecii Algae; Protococcus: Spirogyra. 

Class III. PiiAEOPHYCEAE (fe' 6ft' sec). Brown Algae; Fucus, Sargassum, 

Class IV. Rhodophyceae (ro' do ft' se e). Red Algae; Polysiphonia, 

Class V. Bacillakiaceae (bas' 1 la' rl a' se e) or Diatomaceac* Classification uncertain. 
Often classed with brown Algae. Diatoms. 

Subphylum B. Fungi (fiin' jf). Plants without green coloring matter (page 181) and hence 
unable to manufacture their own food; about 60,000 species. 

Class I. ScHizoMYCETES (slclz' 6 ml se' tgz). Fission Fungi, including bacteria; classifi¬ 
cation uncertain; often plact^d here for convenience. 

Class 11. Myxomycetes (mlk' so mi se' tez). Slime molds; classification uncertain. 
Class III. Phycomycetes (ft'ko ml se'tSz). Alga-like Fungi; bread mold {Rhizopus 
nigricans). 

Class IV. Ascomycetes (is' k6 mi se' tez). Sac Fungi; blue molds, powdery mildews, 
yeasts. 

Class V. Basidiomycetes (b4 sld' f 6 ml sC' tez). Club Fungi; mushrooms, puffballs. 
Class VI. Imperfect Fungi. Relationships of this group arc uncertain. 

Phylum II. Bryophyta (bri 6f' 1 U). Liverworts and mosses (page 200); about 20,000 species. 
Class I. Hepaticae (he p&t' I sS). Liverworts; Marchantia, 

Class 11. Musci (mils' si). Mosses; Polytrichum, Sphagnum, 
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LIVERWORT MOSS 

FI 9 .46.—The lowtf pUnt groupt. (B. F. Edwards and L Runyon.) 
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Phylum III. Ttacbeoph3rta (trft k€ I ik). Vascular plants (page 205). 

Subphylum A, Psilopsida (si 15p'si dft). Primitive vascular plants; mostly fossils. 
Psilotum, 

Subphylum B, Lycopsida (ll k5p's! dA). Club mosses. 

Subphylum C. Sphenopsida (sf^ n<5p'sf da). Horsetails {Equisetum). 

Subphylum /). Pteropsida (t^ r5p' sf dii). Ferns and seed plants. 

Class I. Filicineae (fll' ! s!n^ ^ 6) Ferns; about 6,000 species. 

Class II. Gymnospermae^ (jim' no spOr m6). Cycads and conifers; about 600 species. 
Class III. Angiospeemae^ (iin' jl h spOr'mg). Flowering plants; about 110,000 species. 
Subclass 1. Dicotyledoneab (dl' k6t J Is do' n$ e). Plants with two seed leaves; 
violet, rose, oak, maple. 

Subclass 2. Monocotyledoneae (m6n' 6 k5t 1 1§ d6 ne e). Plants with one seed 
leaf; lillies, grasses, orchids. 

^ Seed plants are often classed together as Spermatophyta (spOr' m& t6f' \ t6.). 
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DICOTYLEDON MONOCOTYLEDONS 
Fis. 47.—*Th« highw plant sroupt. 
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B. The Animal Kingdom 
Animals withont Backbones; the Invertchrafa 

Phylum I. Protozoa (pro' to zo' u). Single-colled animals (page 265); about 20,000 species. 

Class I. Plaqellata (fl&j' ^la' ta) or Mastigophora (nuts' tl g5f' o r/i). Protozoa with 
flagella; Euglcna, Vohox. 

Class II. Rhizopoda (ri zdp' o da) or Sarcodina (sar' ko dC n^t). Protozoa that move 
by means of pseudopodia (false feel); Amorbay ArceUay Actinophrys sol. 

(’lass III. SponozoA (spo'ro zO'a). Spore bimrers; malaria parasite, Plasmodiumy 
Grega rinOy ('occidin ni. 

(’lass IV. CiLiATA (stt' I a' ta) or Infusoria (In' fu so' rt a). Protozoa with cilia; Para- 
inxciuniy Evplotesy VorticclU. 

(lass V. SircTOHiA (suk to' rl a). Often classed with cilia tes because larvae have cilia; 
adults have sucking tentacles; AcdnelOy Podophrya. 

Phylum II. Porifera (p6 rif' h). Sponges (page 290); about 3,000 species. 

Class I. (’alcakea (k&l kii' r6 ti). Sponges with skeletons of lime; Grantia. 

(^lass II. Hexactinellida (hfik'sa.k tf nM'I dii). Sponges with skeletons of silicon; 
Venus’s-flower-basket. 

Class III. Demospongiae (de' mo sp6n' jl e). Sponges wdtli skeletons of spongin; bath 
sponge. 

Phylum III. Coelenterata (se Ru' tdr a' t&). Animals with tw o-layered body w alls (diplo- 
blastic) (page 294); about 10,000 species. 

Class I. HyDROZ<3A (hi' dro z6' a). Hydra and hydra-like coeleiitcrates; Ohclia. 

Class II. ScYPiiozoA (si' fo zo' k). Large jellyfish; Aurelia. 

Class III. Antiiozoa (iin tho zo' k). Stony corals, sea anemones, sea fans. 
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THE ANIMAL KINGDOM 


MASTI60PH0RA 


PROTOZOA 



EUGLENA 


ClUATA 



PARAMECIUM 


PORIFERA 

CALCAREA hexaCTINELLIDA DEMOSPONGIAE 



GRANTIA 



HYDROZOA 



HYDRAi 


COELENTERATA 



Fis. 48.—Protozoan$, spongct, and coelcntcratcs. 
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Phylum IV. Ctenophora (t>n6r6rA). The sea walnuts /page 311); comb jellies; about 
100 species. 

Phylum V, Platyhelminthes (pl&t' t h^ min' thgz). Flat worms (page 312). About 7,000 
species. 

Class I. Turbellaria (tOr' b^ la' rl 4). Planaria. 

Class II. Trbmatoda (tr6' ma to' da). Liver flukes. 

Class III. Cestoda (sOs 16' dA). Tapeworms. 

Class IV. Nemertinea (nto' 6r tin' ^ a). Nemerteans. 

Phylum VI. Nemathelminthes (nOm'a thOl min'thOz). Roundworms (page 321); about 
3,000 species. 

Class I. Nbmatoda (nOra' a t6' da). Aitearis, hookworm. 

Class II. Nematomorpha (nOm' a tO mor' fa). Gordius, 

Class III. Acanthocephala (a kAn' tho s6f' a la). Echinorhynchus. 

Phylum VII. Rotifera (ro tif' 6r a). Rotifers (page 327); about 1,800 species. 

Phylum VIII. Bryozoa (brf 6 z6' a). Moss animals (page 326); Bugtila; about 3,000 species. 
Phylum IX. Brachiopoda (bra' kl 6p' 6 da). Lamp shells; Magellania; about 130 species 
(page 327). , 

Phylum X. Annelida (a nOl' Ida), Segmented worms (page 331); about 7,000 species. 
Class I. Abchiannbllida (Ur' kl a 116!' I da). Polygordius, 

Class II. PoLYCHAETA (p6r I kg' tA). Nereis, 

Class III. OuGOCHAETA (6l' I g6 kg' ta). Earthworms. 

Class rV. Gephyrea (jg fl' re a). Aberrent forms; Sipunculus. 

Class V. Hirudixea (hir' (i din' g a). Leeches. 
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Fi). 49A.—"Comb Jcllitt, flat worms, round worms, rotifors, moss animals, lamp thollt, and 


sasmcntad worms. 


S3 





Phylum XL Echinodermata (eki' no chlr^ ma tA). Spiny-skinned animals (page 350); 
about 5,000 species. 

Class I. Asteroidea (iis' tSr Cn ' dc a). Starfish. 

Class 11. Ophiuroidea (6f' 1 u roi' dea). Brittle stars. 

Class III. Eohinoidea (6k' 1 noi' de a). Sea urchins. 

Class IV. Holothurioidea (h5r 6 thu' rl oi' de a). Sea cucumbers. 

Class V. Crinoiuea (kri noi' de a). Sea lilies. 

Phylum XII. MoUuska (m5 Ills' ka). Mollusks (page 360); about 7S,000 species. 

Class I. Amphineitra (Am' ft nu' ra). Chitons. 

Class II. ScAPHOPODA (skA f6p' 6 da). Detiialium. 

Class III. Gastropoda (gAs trftp' 6 da). Snails, slugs. 

Class IV. Pelecypoda (pAI' e .sip' o dA), Oysters, clams, scallops. 

Class V. Cephalopoda (s6f &15p' 6 da). Squid, Octopus, Nautilus, 
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Phylum XUI. Arthropoda (ar thr^ip' 6 d&). Jointed footed animals (page 374); ab6ut 
700»000 species 

Class I. Crustacea (krils she k). Crayfish, lobsters. 

Class II. Onychophora (6n' i kftf' 6 r4). Peripatus, 

Class III. Chilopoda^ (ki 15p' 6 dk). Centipedes. 

Class IV. Diplopoda^ (dl plftp' 6 d&). Millipedes. 

Class V. Insscta (In s€k't4). Insects. For orders of insects, see pages 412-419. 
Class VI. Abachnoidea (Hr' &k noF de &). Spiders, ticks, mites, scorpions (page 421). 
Class VII. Trilobita (tri' 16 bl' ta). Extinct Arthropods (page 422). 

Animals with Notochords 

Phylum XTV, Chordata (kOr da't&)- Lower chordates (page 430) and Vertebrates; about 
70,000 species. 

Subphylum A, Hemichorda (hta' If kOr' da). Worm-like animals; Balanoglossus. 
Subphylum B. Urochorda (u' r6 k6r' da). Tunicates, sea squirts. 

Subphylum C. Cephalochorda (sSf' & l6 k6r' da). Fish-like chordates; Amphioxt/s. 
Subphylum /). Vertebrata (vOr'te bra'ta) or CranicUa (kra nlf a'ta). Animals with 
backbones. 

Class I. CycIiOSTOMata (sI klo stO' ma ta). Eel-like vertebrates without jaws; hagfish, 
lampreys. 

Class II. Pisces (pis' 6z). Fish. 

Subclass 1. Elasmobrancuii (6 l&s^ m6 brang' kl l). Fish with cartilaginous skele¬ 
tons; often j>laced in a class rather th^ a subclass; sharks, skates, rays. 
Subcias#2. OsTEiCHTHYES (5s' tS Ik' thl ez). Bony fish; salmon, perch, trout. About 
20,000 species. 

Order 1. Dipnoi (dip' n61). Lungfish. 

Order 2. Teleostei (t5l' 6 5s't^ 1). Salmon, perch, trout, cod. 

^ The Chilopoda and the Diplopoda are often classed together in the class Myriapoda 
(mlr' 1 &p' 6 da). 
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Fig. 50.-—Arthropods, lower chordates, end lower vertebrates. 
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Class III. Amphibia (iim a). Vertebrates that live partly on land and partly in 
water (page 454); about ^,000 species. 

Order 1. Apoda (iip' 6 da), l^egless Amphibia; cacL'ilians. 

Order 2. Caudata (ko da' ta). Tailed amphibians; salamanders. 

Order 3. Salientia (sfi' 11 i^n' sht a). Amphibians tailless as adults; frogs, toads. 
Class IV. Reptilia (r^p tlT I a). The reptiles (page 463). About 6,000 species. 

Order 1. Chelonia (ke Id' nt 4). Turtles, tortoises. 

Order 2. Rhynchocephalia (ring' ko se fa' It 4). Sphenodon. 

Order 3. Crocodilia (krdk' 6 dll' 1 4). Crocodiles and alligators. 

Order 4. Squamaia (skw4 ma' ta). Lizards and snakes. 

Class V. Aves (a' vez). Warm-blooded, feathered vertebrates (page 479); about 23,000 
species. 

Subclass 1. Ahchaeoknithes (lir' k4 or'nt thez). Extinct birds; Archaeopteryx, 
Subcla.s.s 2. Neornithes (nt'dr'nl thdz). All living birds. For orders of birds, see 
pages 496 to 499. 
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Class VI. Mammalia (mil ma'It t\). Warm-blooded vertebrates with hair (page 502); 
about 10,000 species. 

Subclass 1. PiiOTOTHEKiA (pro' t6 the' rt a). Mammals that lay eggs. 

Order Moiicftremata (mftn' 5 tre' mil t4). The duckbill. 

Subclass 2. Mbtatheuia (mSt' k the' rt 6.). Mammals with pouches. 

Order MarsupiaUa (mar su' pt a' It a). Opossums, kangaroos. 

Subclass 3. Euthebia (u the' rt a). Placentals. 

Section A. Clawed Mammals 

Order 1. Inseciivora (tn' s?k ttv' 6 ra). Moles, hedgehogs. 

Order 2. Dcrmoptera (d6r mftp' t6r ii). “Flying lemurs** (not true lemurs). 

Order 3. Edentata (€»' dSn ta' tii). Toothless mammals or those having teeth with¬ 
out enamel. 

Order 4. Pholidota (fol' 1 do' tii). Covered with large overlapping scales; pangolin 
(scaly ant eater). 

Order 5. Rodentia (ro d^u' sht a). Gnawring animals with two incisors in upper jaw; 
rats. 

Order 6. Lagomorpha (l&g 6 m6r' fa). Gnawdng animals with four incisors in upper 
jaw. Rabbits, hares (often classed vrith rodents). 

Order 7. Chiropiera (ki r6p' t€r a). Flying mammals; bats. 

Order 8 . Carnivora (kar niv' 6 rii). Flesh-eating mammals; lions, tigers. 

Section B. Hoofed Mammals, Often ('Classed Together as 
IJngulata (Clng' gu la' ta) 

Order 9. Perissodactyla (pe rls' so d&k' tl lii). Odd-toed mammals; horses, tapirs, 
rhinoceroses. 

Order 10. Arliodacfyla {jkP tl 6 diik' tl 1&). Even-toed mammals; cows, pigs, camels, 
deer. 

Order 11. Proboscidea (pr5' b6 sld' ^ &). Elephants. 

Order 12. Jlyracoidea (hi rk koi' de a). Coneys or hyraxes. 

Section C. Aquatic Mammals 

Order 13. Sirefiia (si rg' nl k). Sometimes included with whales but different from 
them; sea cows, manatees. 

Order 14. Cetacea (se tS,' sh$ li). Whales, porpoises; often divided into two orders. 
Odontoceti (6 d6n' to sS' tl), the toothed whales; porpoises and sperm whale; and 
Mystacoceti (mis' t& k6 se' tl), whalebone whales. 

Section D. Mammals with Nails 

Order 15. Primates (pri mft' tez). Erect or nearly erect mammals. 

Suborder 1. Lemuroidea (l€m' 6 roi' dd &). Lemurs. 

Suborder 2. Tarsioidca (tftr si oi' dS a). Tarsiers. 

Suborder 3. Anthropoidea (itn' thro poi'd^ A). Monkeys, apes, man. For the 
families of the Anthropoidea^ see page 512. 
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Relationships in the Animal Kingdom. —Because of the increasing 
emphasis upon the experimental method of research in biology, the study 
of the relationships of the animal groups that occupied such a large share 
of the time of the older biologists has been somewhat neglected. However, 
recently interest in this phase of biological study has revived. One of the 
best and most recent of the various genealogical trees that have appeared 
is shown belo^w (Fig. 53). It would be out of place here to go into the many 
technical reasons for arranging the animals in two series (diphyletic), as 
shown ill this tentative scheme. Such an arrangement helps to unify th<‘ 
various groups, however, and eventually the closer relationships will be 
worked out. As stated elsewhere in this book, there is law and order in 
our living world, and this enables specialists in the fiehl of taxonomy to 
make a tentative '‘family tree” for the animal kingdom. 
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Questions 

1. What are some reasons why classification of all organisms is necessary ? 

2. Who invented the binomial system of nomenclature? How does it work? 

3. Distinguish between species, genera, families, orders, classes, and phyla. Classify fully 
a white oak; a dog. 

4. Name 10 very different mainnials, arul state why they are all classifietl in the same 
group. 

5. If you wished to name a n<‘W organism, how' would you go about finding a new name? 
What information would you ru'ed? 

6. Why are (ireek ami Latin names use<l in classifying organisms? 

7. What is a chordatc? A vertebrate? An invertebrate? 

8. What animals are included fti th(‘ primate group? Classify man. 

9. Do you know of any reason why, in some c*ases, it is necessary to know the life history 
of an organism before it can be classified? 

Sugsesied References 

Fullku, H. J.: “The IMaiit WorId,“ Henry Holt and Company. 

Heonru, U. W.: “College Zoology,” 1'he Macmillan Company. 

Holman, R. M., and Uombins, W. W,: “Textbook of (ieneral Botany,” John Wiley & 
Sons, Ine. 

SiNNOTT, K. W.: “Botany: Principles and Problems,” The MeCiraw-Hill Book (Company, 
Inc. 

(Since classification changes constantly as new forms arc found and since new editions 
of the foregoing books appear constantly, no dates are given.) 




Part II 

PLANT BIOLOGY 

A. The Morphology and Physiology of a Typical Seed Plant 

B. The Plant Groups; Morphology and Physiology of Representa¬ 
tive Types 




A. THE MORPHOLOGY AND PHYSIOLOGY OF A 

TYPICAL SEED PLANT 

CHAPTER VIII 

THE ORGANIZATION OF A SEED PLANT 

I. Plants and Animals 

Plants and animals have a similar fundamental structure; Le,y they 
consist of protoplasm contained in cells. Since the activities of protoplasm 
are the activities of life itself, it follows that the processes in all organisms 
are similar. However, plants and animals are different in many ways, and 
a separate study of each group, how they are made, how their structures 
are fitted for their functions, the great variety of forms gives a sound 
basis for the study of the processes of living organisms, or physiology.* 

II. The Plant Kingdom 

A* The Wealth of Plant Life.—Unless a special study is made, one has 
little idea of the multitude of varieties in the plant kingdom. About 
250,000 species have already been described, and more are being added 
as botanists continue their studies. 

B. The Groups of Plants.—The plant kingdom is divided into three 
main groups: (1) the Algae and Fungi (Thallophyta), (2) liverworts 
.and mosses (Bryophyta), and (3) the vascular 'plants (Trachaeophyta), 
which include club mosses (I.*ycopsida), the horsetails (Sphenopsida), the 
ferns and the seed plants (Pteropsida). In the older classifications, the 
fern group was callecl Pteridoi)hyta, and the seed plants were classed as 
Spermatophyta. Since the seed plants are the most familiar of all plants, 
a member of this group is selected as a type for the introduction to the 
study of the structure and physiology of plants. 

C. The Seed Plants,—These are the familiar plants of our gardens. 
They range in size from plants hardly larger than a pinhead (WolflSa, a 
duckweed) to giant redwoods (Sequoia) of California, which may become 
300 ft. in height. 

1. Gymnospebms and Angiosperms. —^The gymnosperms include the 
cone-bearing plants, our common evergreens. Today, this is a compara¬ 
tively small group, but it was a very large group in ancient times. The 
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FI 9 . 54.*^TIit orgtniMtion of a toad plant Cotton plant showing parti, and function! of 

tach part (B« F« Edwards.) 
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great group of the seed plants is the angiosperm group, or flowering plants; 
about 130,000 species of flowering plants have been classified. 

2. The Organization of a Seed Plant. —The cotton plant is used 
as an example of a seed plant. It is made up of cells, as are all other 
plants. Thousands of these cells are associated together to form tissues 
and the tissues are combined to form organs (Chaps. Ill and IV). The 
parts of a flowering plant may be separated according to the functions 
they perform into {a) the vegetative body and (b) the reproductive bodies. 

а. The Vegetative Body ,—Figure 54 shows the parts of a cotton plant 
and their relations to each other. The vegetative body is made up of (1) 
roots, (2) leaves, (3) stems. 

(1) Roots. —The roots anchor the plants in the ground. Through 
them enter the water and mineral salts essential to the life of the plant. 
It is a familiar fact that a plant deprived of water will first wilt, then die. 

(2) Leaves. —The leaves are provided with veins that are connected 
with the transportation system of the stems and roots. In the leaves and 
other green tissues of the plant, the important process of food manufacture 
as well as other vital activities takes place. 

(3) Stems. —The stems are the great highways for the transportation 
of water and food. They also support the plant, and leaves are arranged 
on them in such a way that they are exposed to the light. Green plants 
must have light, or they will die. Stems also support flowers in such a 
position that they may be pollinated readily. 

б. Reproductive Organs .—Only by leaving offspring can organisms 
survive. Except for one-celled plants and animals (Protista) called the 
immortals (page 288), the law of life is that every livdng thing eventually 
dies of old age unless it is destroyed before that time. Provision for the 
continuance of the race varies with the type of organism, but it is uni« 
versal. The higher plants provide for reproduction in two ways: (1) by 
vegetative reproduction or (2) by developing special organs in which the 
germs cells are produced. 

(1) Cuttings, etc. —Sometimes parts of an old plant may develop 
into new plants. Familiar examples of this type of reproduction, which is 
vegetative, are cuttings that send out roots, the runners of strawberries, 
the rhizomes of various types of plants, and tubers of potatoes. 

(2) Flowers, fruits, seeds. —The seed plants develop definite 
organs for reproduction: the flower, the fruit, and the seeds. In the flowers, 
the germ cells are produced, and fertilization takes place. The fruit is 
concerned in protecting the young, growing seeds, and may develop 
interesting structures for the dispersal of these seeds (hooks, barbs, 
fibers, etc.). The seeds contain young embryo plants together with food 
for the nourishment of the young plants until they are established and 
able to take care of their own food supply. 
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Questions 

1. Describe briefly the parts of a seed plant, giving the functions of each. 

2. Give examples of stems and roots modified for storage of large amounts of food. 

3. What are some of the crops valuable to man on account of (a) roots, (b) stems, (c) 
leaves, (d) fruits, (e) seeds? 

4. Why are the root systems in water plants not well developed ? 

5. What types of reproduction are found in plants? 



CHAPTER IX 


THE ROOT AND ITS FUNaiONS 


The outbound stem has branches three; 

On each a thousand blossoms grow, 

And old as aught of time can be 
The root stands fast in the rocks below. 

—Sterling. 

The most important functions of roots are anchorage and absorption 
but they perform other necessary functions for the plant. Land plaht^ 
must be anchored in the ground, and all parts of the plant body must 
be supplied with water and mineral salts through the agency of the roots. 

Roots are thought of as being underground, and that is where they are 
usually located. However, in ad- 
dition to the underground roots^ 
there are prop rootSy air roots, and 

other types. J 

1. Types of Roots ^ 

Roots may be classified in f / / J 

many ways; according to the time / y' . 

of appearance, according to struc- ^ 

ture, or according to their special 

uses, etc. ^ 

A. Primary and Secondary 

Roots. —When a seed germinates, plant** (Bryophyl- 

^ ^ . .V X I*****/- planti srow in the leaf notches. 

the first structure that appears is 

the root. This is the primary root (Fig. 122). Branches that grow from 
the primary root are the secondary roots. 

B. Adventitious Roots. —The word adventitious means additional or 
accidental. Adventitious roots are those that appear in unusual places. 
For example, many ‘‘cuttings” will send out roots; roots will be sent out 
from the notch of Bryophyllum (Fig. 55); Begonia leaves will produce 
roots. 

C. Fibrous and Taproots. —Although, as will be seen later, many 
types and forms of roots are especially modified for particular functions, 
there are two main types that are particularly common: fibrous roots and 
taproots (Figs. 56, 57, 58). Fibrous roots get their name because they are 
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Fig. 56.—The sugar beet i$ a fleshy lap root Besides sending its roots 6 or 7 ft into the 
earth, it has an extensive lateral root system. (Courtesy of U.S. Beet Sugar Association.) 



riBROUS ROOTS 
(CORN) 



AERIAL ROOTS 
(ORCHID) 


Rs> 57.—Types of roots. Scries I. Fibrous, water, and aeriai roots. (M. Price and B. Shamos.) 
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profusely branched and form a fibrous system. They may extend many 
feet into the ground. For example, a single alfalfa plant sometimes sends 
its roots down to a depth of from 20 to 30 ft. Since so many branch roots 
are formed, they produce a thick tuft or mat that aids in binding the soil 
together. The roots of grasses and grains are of this type. Such roots may 
absorb water only from the upper layers of the soil, whereas taproots 
typically extend down to great depths. A taproot is a primary root that 
continues its growth downward, becoming thereby the main root. In 
the taproot type of root system, the primary root may become modified 
for food storage, as in the dandelion, beets, etc. (Figs. 56, 58). 



Fig. 58.—^Types of roots^ Scries II. Storesc roots of various kinds. (M. Price.) 


D, Annuali Biennialf and Perennial Roots.—Plants can be classified 
as annuals that live for a year, biennials that store food one season and 
use it the next to produce flowers and seeds, and perennials that live from 
year to year. New roots are added to perennials each year, and these 
young roots carry on most of the work of absorption. This is true even of 
the giant trees of California and the cypresses of Mexico, which are 
thousands of years old. 

II. The Structure of Roots 

A. The External Features.—In appearance, roots may be delicate 
white structures, or they may be gnarled and woody. Roots of young 
seedlings show external features well. There are no leaves or buds, nodes, 
or internodes on roots. 

1. Protective Layers. —Young roots are covered with a layer of 
cells that protects the tissues beneath. This is the epidermis. It is from 
this layer that the root hairs grow out. When roots begin to thicken 
and become woody, the epidermis is replaced by layers of cork. Such 
roots, of course, no longer function in absorption. As the outer layers of 
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cork crack, because of root expansion, new layers of cork form from 
within. 

2, Root Cap and Growing Point. —One feature of roots that is 
absent from all other plant organs is the root cap. It is a protective 


ZONE Of MATURATION 





ROOT 

HAIRS 


ZONE OF 
ELONGATION 


ZONE OF 
CELL DIVISION 


Fis. 59.--^Lon9ltudifial section throush the tip of an onion root. (L. Runyon.) 


covering for the delicate growing point as it is pushed through the soil 
(Fig. 59.) 

S. Root-haib Zonk. —^Behind the growing point is a region of cell 
elongation and back of this the root-hair zone covered with dense white 
hairs (Fig. 60). Each hair grows out from a cell at the surface of the root. 
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These hairs are delicate structures that possess the power of clinging very 
closely to soil particles (Fig. 61). They absorb the thin film of water that 
surrounds these soil particles. The more root hairs there are, the larger 
the absorbing surfaces. As the root grows, the older root hairs die and are 
replaced by new ones close to the growing point. It follows from this that 



A B 

Fig. 60.—4^eot fiain. (A) Stcdling of white clover grov^ in moist air (magnified 6 times). 
(B) Seedling of garden cress grown in moist air (magnified 4 times). (From Holman and Rob¬ 
bins, General Botany, John Wiley A Sons, Inc.) 

only the younger portions of the root perform the function of absorption. 
The root hairs of some plants live longer than those of other plants, but 
most of them die within a few days or weeks. Some water plants—^for 
example, the duckweed (Fig. BIB )—do not possess root hairs. 

B. The Internal Structure of a Dicot Root.—A longitudinal section 
through a young root (Fig. 59) reveals four distinct zones: (1) the root 
cap, (12) the zone of cell divisionu (B) the zone of cell enlargement, and (4) 
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the zone of maturation or the root-hair zone. It can be readily seen that 

i these regions are based on the de- 

Ik. V maturity of the cell. 

'W Study of a cross section through 

the root-hair zone shows four main 
J features of roots (Fig. 63): 

ik The Epidermis. —The epider- 

.;r|P i f mis is a single layer of cells; it pro- 

tects the tissue beneath. Figure 61 
S t shows how the root hairs grow out 

from cells in the epidermis. 

1 1 ijl ^ 2. The Cortex. —The cortex (L. 

’ corium^ leather, bark) is made up of 

Fig 61.-ROOI l..ir. (much .ni.rged). thin-waUed cells. The water, which 
Root hairs srow out from epidermal cells i i i i 

.nd Mil particle, adhere cicely to them, contains dissolved minerals, that 
(F. Baker.) enters the plant through the roots 

passes across the cortex to the con¬ 
ducting tissue In the central cylinder. When the plant becomes older, 
the cortex may be used for storage or may disappear altogether. 


Fig. 6t.—Root hairs (much enlarged). 
Root hairs grow out from epidermal cells 
and soil particles adhere closely to them. 
(F. Baker.) 



Fig. 62.—Growth of root in length end size. (A) Seedling of scarlet runner bean with 
equidistant dots placed along the primary root (B) The tame seedling 24 hours later, showing 
elongation only near the tip. (From Haupt, Fundamentals of Biology.) 


3. The Enhodermis,— The endodermis is a layer of thick-waUed cells 
—the inner boundary of the cortex. 
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4, The Vascular Cylinder or Stele, —This is made up of cells 
highly specialized either for conducting the water and minerals that 
enter the plant through the roots to other parts of the plant or for trans¬ 
locating food materials. The xylem or wood occupies the central portion 
of the cylinder and extends outward in a three- , four- , or five-rayed 
arrangement, depending upon the kind of plant. Between the rays of 
xylem lies the phloem. The cells that lie in the arms of the star-shaped 
xylem, separating the xylem from the phloem, eventually become the 
cambium. 



Boathair 


Jntercellatar 
SyOace 


Passage ce/f 
,End^ermiS 
.SievQ ti/Sea 
ofphfoem 
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^erJcyc/B 


Fig. 63.—Diasrammstic section ol a youns root throush the root hair zone. (After Weaver.) 


Cambium is a delicate formative tissue that gives rise to new growth 
at the sides of roots and stems of dicotyledons. The function of cambium 
then, is to produce new cells. Figure 102 shows how these conducting 
tissues of roots connect with those of stems. 

The pericycle is the outermost layer of the stele. In it branch roots 
arise. 

5. Annual Rings. —As the roots grow older the picture changes. The 
xylem loses its star-shaped character by the accretion of successive 
layers and becomes a round cylinder surrounded by cambium and 
phloem. Each year the root lays down new wood tissue (xylem) just as 
pccurs in ^e stem, and thus annual rings in roots are formed. 
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III. Activities of Roots 

Work of roots has been mentioned in connection with the description 
of the structures connected with the performance of that work; as has 
been noted, some of these functions are anchorage, absorption, conduc¬ 
tion, and storage, and sometimes asexual reproduction, 

A. Absorption.—Most of absorption in roots is through the root 
hairs, and these are located on young roots. Even old plants, then, 
must continually grow new roots in order to carry on the process of 
absorption. 

1. Diffusion, Imbibition, Osmosis. —These physical processes are 
important in the work of absorption. (1) Diffusion (page 39) is the 
movement of molecules and atoms from jdaces of greater concentration 
to places of less concentration. (2) Imbibition is the process by which 
water-attracting (hydrophyllic) colloids such as cellulose, starch, and 
protoplasmic proteins take up water. (3) Osmosis (page 39) is the 
movement or diffusion of water (or other solvents) through a semi- 
permeable membrane. 

2. Soil Texture. —Movement of water in soil depends upon its tex¬ 
ture. Soil is made up of various-sized particles with air spaces among 
them. In damp ground, each particle has a film of water around it. When 
roots are grown in soil, the root hairs become closely united to the soil 
particles and arc able to absorb these films (Fig. 102). 

Of course, many types of soil exist. If the spaces between the particles 
are very small, as in clayey soil, water does not move freely through the 
soil, and it remains wet for a long time. On the other hand, sand allows 
water to move so freely that the soil dries out very quickly. 

Several factors affect absorption of water from the soil. A plant will 
wilt in cold soil even if there is abundance of water present; water from an 
alkali soil is not easily absorbed by most plants, though the salt-loving 
plants (halophytes) are adapted to this type habitat. Naturally, the rate 
of root growth and the extent of the root system will affect the amount 
of absorption from the soil. 

B. Movement of Materials.—^Plants have mechanisms for transfer of 
materials and water; and dissolved minerals, food, and secretions are 
constantly being moved throughout the plant body. 

1. Movement of Water. —^The epidermis and root hairs have 
cellulose walls covered on the outside with a material that has an aflinity 
for water, and this wall is permeable to both water and dissolved mineral 
salts; i.e,, water and dissolved mineral salts will go through the wall. 
The cells of both the epidermis and the cortex contain sugars and other 
substances manufactured by the plant. The plasma membrane (page 33) 
will not allow the sugar to pass out, but the water is able to pitss in. The 
cortex consists of cells somewhat like those of the epidermis, and On this 



ROOTS 


109 


account water will pass across the cortex from the epidermis to the water- 
conducting tissue. The route of water from the root hairs to the xylem 
can be seen in Fig. 10^. The pull exerted by evaporation of water from 
the leaves may aid in the lifting of water in the plant. The whole story 
of the movement of the materials in the plant is not known, but imbibi¬ 
tion, diffusion, osmosis, and the pull of transpiration are all concerned in 
this work. 

2. Translocation of Food. —Food is translocated from the leaves to 
the stems and from the stems to the roots (Fig. 102). It moves in all 
directions to places where it will be used or stored. I'he direction of the 
movement may be changed from time to time, as shown by the fact that 
the sugar and the soluble protein pass from the leaves to the stem and 
from the stem to the root in the summer when the process of photo¬ 
synthesis is at work. In some plants, for example in maple trees, the 
stored sugar moves upward in the spring to furnish food for the making 
of the new crop of leav^es. In certain biennials, such as the beet and turnip, 
food that passes from the leaves to the root is stored in the root one season, 
and the next season this food is sent upward to the developing leaves and 
flower shoot. 

C. Pressure, Contraction.—Several types of pressure are character¬ 
istic of growing roots. 

1. Turgor Pressure. —This is the pressure exerted outward in every 
direction by the protoplasmi upon the confining membranes or cell walls. 
It,is brought about by the increa.se in the cell sap, or liquid in the vacuoles 
of the cell, due to the movement of water into the root hairs and the 
tendency of the protoplasm to absorb much water. This brings about a 
stretching of the cells walls that is important in providing rigidity for the 
plant. Turgor is the opposite of wilting. 

2. Root Pressure. —This can be shown in some plants by cutting 
off the stem close to the ground. Considerable sap will exude from the cut 
xylem cells if the plant has been well watered. Root pressure is the pres¬ 
sure with which this sap exudes. It may be important in forcing the water 
into the conducting elements of the root and so in starting it on its way 
to the stem. 

3. Growth Pressure. —Growth pressure is developed In all growing 
parts of a plant. When hundreds of cells are e.xpanding at the same time 
through absorption of water, pressure naturally results. Great pressure 
may be exerted when roots pierce the soil. The question naturally arises 
as to why growing plants can break cement walks without the cells being 
burst open. The answer may be that their cells are of such small size 
tbat the walls of each cell do not have to resist great pressures. Both root 
pressure and growth pressure are probably due largely to turgor pressure. 

4. Root Contraction. —Bulbs planted for some time are likely to 
be deeper in the ground than when first planted, owing to the fact that 
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when roots mature they may contract and draw the stem a slight distance 
down into the soil. This accounts for the fact that plants growing on the 
surfaces of rocks, in crevices, and in other situations of this kind hold 
their places in spite of the fact that the rock may ‘‘weather” or wear 
down, and in this way the crowns of the dandelion plants are sometimes 
pulled quite deeply into the soil. 

D. Respiration in Roots.—All living cells respire, a process that 
requires a constant supply of oxygen. The root is much branched and 



Fig. 64.—**Knees.'' In swampy regions, cypress trees develop swollen bases and the roots 
develop **lcnees'* which may attain a height of 3 ft. (Dr. C. L. Baker.) 

thus presents a large surface to the soil air. Except for those plants that 
have become adapted to life in water or in swamps, plants must obtain 
their oxygen from the air spaces in the soil. The process of respiration 
involves the taking in of oxygen and the giving off of carbon dioxide. 

Knees. —^When roots of cypress trees are submerged in water, they 
develop curious structures, such as are illustrated in Fig. 64. These 
structures, or knees, are believed to aid in aeration. 

E. Response of Roots to Stimuli.—^Plants are not able to move around 
as animals do, yet they have a remarkable power of responding to various 
stimuli. They can change the direction of growth or the position of their 
varic us organs. 
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1. Response to Gravity—Geothopism (page 596).—The primary 
root and the taproot naturally grow downward. This is because the 
growing point responds to gravity positively. This response to gravity is 
termed positive geotropism,. In Fig. 65, pea and corn seedlings were 
“turned upside down” for 24 hours. At the end of that time, the growing 
point of the root had turned downward. 

It is easy to prove that the growing point of the root is responsible 
for this reaction. If the tip of the root of a corn or pea seedling (Fig. 66) 



Fig. 65.-^csponsc of root! and stems to gravity. (A) Pea and com seedlings pinned on 
pasteboard. (B) The seedlings were turned upside down. After 24 hours, the root has turned 
down (positive geotropism), and the stem has turned up (negative geotropism). 


is cut oflf and left in a moist chamber for 24 hours, the root will not turn 
down, as in Pig. 66^4. 

2. Response to Water—Hydrotropism (page 596).—Roots do 
not seek water but tend to grow better in soil where water relations are 
more favorable. The actual direction of growth, however, is due to the 
resultant of many forces, among which are the unequal distributions of 
water. 

Water roots usually do not branch very much, but when the roots of 
land plants encounter water containing plenty of oxygen and nutrients, 
they produce innumerable branches. Cottonwood and willows especially 
behave in this manner, so that even a small rootbranch that enters a 
drainpipe will soon fill it and obstruct the flow of water. 
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3. Response to Temperature—Thermotropism (page 596).— 
Roots will bend in the direction of the temperature most favorable for 
their growth. 

4. Response to Light—Phototropism (page 596).—Underground 
roots and stems are often indifferent to light, but some roots, such as 
those of the mustard, will grow away from the light, thus exhibiting 
negative phototropism. 

5. Response to Contact—Thigmotropism (page 596).—Climbing 
roots—for example, the aerial roots of poison ivy—show a definite response 

« to contact by flattening out on the support 

I against which they are growing. 


Fis. 66.—Response of the 
root tip to grevity. (A) Pea with 
the primary root turned upside 
down. In about 24 hours the root 
responds to sravity by bending 
down. (B) if the extreme tip 
be cut off, the root continues to 
grow but there is little, if any, 
bending down in response to 
gravity. (L. Runyon.) 


IV. Roots of Modified Form and Function 

As in the case of leaves, some roots are 
highly specialized and changed in appear¬ 
ance. This condition is related to the kind of 
work they do. The work may be of the nature* 
usually performed by roots or by some other 
part of the plant. A few examples will make 
this clear. 

A, Storage Roots.—Figure 58 illustrates 
a group of roots that have become especially 
modified for storage. Most of these are fa¬ 
miliar. The structure of a taproot is favoral^|e 
for storage, and in some cases the roots be¬ 
come very large and fleshy. Examples are the 
lower portions of carrot, turnip, radish, 
dandelion, burdock. In other cases, fibrous 
roots become fleshy. The clustered roots of 
the dahlia and the sweet potato are examples 
of this type. 


B. Aerial Roots; Epiphjrtes.—An aerial root is, literally, an ‘‘air 
root.” Such a root lives partly or entirely in the air. The corn plant, for 
example, may send roots down into the ground from an aerial stem (Fig. 
67J5). These are prop roots and help support the stem. The banyan tree 
sends down roots from its branches (Fig. 68). These may become so large 
as to resemble tree trunks. The result is a whole grove of banyan ti*ees 
that have developed from a single plant. The prop roots of the mangrove 
help support the tree in the soft mud (Fig. 69). Other types of aerial 
roots are the roots of the orchid (Pig. 57C) and the adventitious roots of 
the English ivy (Fig. 675). As is the case with poison ivy, the English 
Ivy roots flatten out and hold the plant on the support against which it 
is growing. The roots of the “strangling fig” twine around other plants. 
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1. Epiphytes. —Plants which, like some orchids, live perched upon 
another plant, are called e'piphytes. Their roots absorb water and also 
act as hold-fasts to the trees upon which they are growing. Epiphytes are 
not parasites, however, since they do not take nourishment from their 
hosts. They get their water from rainfall and their minerals from the 





DODDER 

Fis. 67.—^Typcs of specialized roots. Series III. (B. Shamos and M. Price.) 


dust and decay of the outer bark to which they are attached; they 
manufacture food, as do othef green plants (Fig. 57C). 

C. Water Roots.—Water roots usually contain large air spaces. 
Usually water roots do not develop root hairs (Fig. 51B), 

D. Parasitic Roots.—Mistletoe is a partial parasite. It is green and 
manufactures food as do other green plants, but it also sends roots down 
into the tree to which it is attached and absorbs from it water, minerals, 
and perhaps some food (Fig. 70). The yellow dodder, called in some 
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Fig. 69.-—Mangrove tree on the coast of southern Florida. The prop roots help support the 
tree in the soft mud. (Courtesy of J. H. Davis.) 



Fig. 70.—Mistletoe, a partial parasite, (A) Mistletoe berries. (Photo by E. Carpenter.) 
(B) Cross section of a branch infested with mlstleloe. (From Heaid, Introduction to Plant 
Pattoiogy.) (C) Mistletoe growing on a tree, ^hoto by Dr, J. M. Andrews.) 
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localities the love vine^ is a parasitic twiner that lives at the expense of 
its host (Fig. 670). 

E. Plants without Roots. —Finally, there are plants that have no roots 
at all. Spanish moss {Tillandsia), found hanging on trees of the South, 
is an example. This is a true flowering plant, but other parts of the plant 
have taken over the functions of roots. 

The foregoing account of roots tells something of their forms, struc¬ 
ture, and relation to the life processes of the plant. For an account of 
their important functions in soil conservation and soil building, see 
Chap. XLIX. 

Questions 

1. Define the following terms, as related to roots: epidermis^ cortex^ endodermis, stele, 
diffusion, inhibition, osmosis, translocation. 

2. Where are the growing regions of the root? Why is a root cap necessary for the growing 
point of a root? What work is done by the root tip? Cambium? Pericycle? 

3. Where do you find root hairs? What is their function? How long do they live? What is 
the advantage of a large absorbing surface? Why are there no root hairs at the tip of 
the root? How does absorption take place in the root hair? 

4. What are the advantages and disadvantages of a shallow root system? Of a deep root 
system ? 

6. Why do growing roots exert pressure? Have you seen examples that would prove this 
point? 

6. How is the air in the soi} used by roots? Why is flooded ground unfavorable for most 
roots? What are knees? 

7. Give some good reasons for cultivating the soil. 

8 . What is meant by contraction of roots? 

9. Why are there usually no root hairs on the roots of water plants? 

10. In a young plant growing from the seed, the root usually develops before the leaves and 
stem. What is the advantage of this? 

11. Explain why there are differences between the roots of desert and bog plants. 

12. Explain why a clay soil will absorb and hold more water than a sandy soil. 

13. Why is a finely pulverized soil favorable for most plants? What are some disadvantages 
of soil with large particles ? 

14. In transplanting plants, it is important to press the soil firmly around the plant roots. 
Why? 

16. Water roots often are smaller and less branched than soil roots. How, then, would you 
account for the fact that roots of land plants such as the poplar, w^illow, etc., develop 
innumerable small branches when they enter the drainpipes? 

16. Give an account of some roots of modified form and function. 
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C. Length of Life of Stems. —All plants can be classified into three 
groups on the basis of their length of life. The annual (L. annua, year) 
plants live for a year, produce seed, and then die. 
Many flowering plants belong in this class, such as 
zinnias and morning-glories. The biennials (L. 
biennium, space of 2 years) require 2 years to reach 
their full development. The common mullein de¬ 
velops in the form of a rosette during the first year 
and stores up food; the next year, it sends up a 
flower stalk, and the seeds mature; then the plant 
dies. Plants that live longer than 2 years are 
perennials (L. perennis, lasting through the year). 

Two kinds of perennials are recognized: (1) 
those with herbaceous stems and (2) those with 
woody stems. The aerial stems of herbaceous 
perennials die down to the ground at the approach 
of winter, and the underground part lives through 
the cold weather. In spring, these underground 
parts send up new shoots, and the plant is said 
to ‘‘bloom perenially.” The woody-type stems do 
not die dowm, but each year they increase in size 
as the season’s growth is added. 

II. Structure of Stems 
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Stems vary very greatly in appearance and 
structure, but all stems show certain features. 

A. External Features.. 1. Buds.— ^The 
places of attachment of the buds to the stems are 
called nodes. The spaces between the nodes on the 
stem are the intemodes. At the ends of the stems 
are the terminal buds; the buds on the sides are 
the lateral or axillary buds, so called because they 
are in the angle or axil formed by the attachment 
of the leaf to the stem (Fig. 72). 

Leaves may be arranged on the stem opposite 
to each other or in a spiral (page 135). Since the 
lateral buds arise in the axils of the leaves, these 
buds must be arranged in the same way. As soon 
as leaves reach their full size in spring, the 
buds for the next season’s stems and leaves are 
formed. Buds reach their winter condition by the time the leaves fall. 
The growth of new foliage each year is the function of the buds, for 
branches and twigs that have once borne leaves will not produce leaves 
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Fis. 72.—A woody 
twis ef tho hoffcdittlnitt 
III winter condition. (From 
Sinnott, Botany.) 
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again. Buds may be enclosed in specialized scale leaves that may be 
covered with hair or contain resinous substances. In this way, the tender 
parts of the bud are protected during the winter. They may have no 
special covering, as is the case of some buds on underground stems, or 
they may be protected by simple coverings, as in the case of tlie tulip 
tree or magnolia, where the stipules fold over the bud. 

2. Scars. —Other structures to be noted on the stem are leaf scarsy 
the bundle scars, and the hud-scale scars. The bud-scale scars arc usually 
small and close together. The section of the stem between terminal bud 



Fis. 73.—Cross section of a youns dicot stem. Note that the vascular bundles are arransed 

in a rins. (B. Shamos.) 

scars represents a year’s growth. Plants with strong lateral buds usually 
branch continually and become bushy, as so many garden shrubs do. 
Plants with strong terminal buds usually possess a straight main stem, 
such as that of the sunflower or spruce, the excurrent type of stem, 
whereas those with strong lateral buds produce the deliquescent stem. 

3. Lenticels (L. lentis, a lentil).—The plant gets most of its oxygen 
from the air that enters through the stomata (page 183). Young green 
stems all possess stomala, but in the stems of perennial plants a corky 
layer develops beneath the epidermis, and the stomata may be replaced 
by small openings or pores, called lenticels (Fig. 72), through which an 
exchange of gases takes place between the interior of the stem and the 
surrounding atmosphere. The lenticels are more prominent on some stems 



120 


BIOLOGY: THE SCIENCE OF LIFE 


Sieve 

I— Piah 





Pis. 74.—^Thc structure of e sieve 
tube of the squash. (A) ionsitudinal 
section of a sieve tube, communicating 
by sieve plates with the adjacent sieve 
lubes above and below. Its companion 
cell Is at the left. (B) transverse sections 
through two sieve tubes. The one at the 
left is cut near the middle; that at the 
right is cut near the end and shows the 
end wall or sieve plate. (Ptom Sinnott, 
Botany.) 


than on others. In stems with thick bark, 
the lenticels are in the furrows. 

B. Internal Structures.—The struc¬ 
tures of stems differ in their main fea¬ 
tures according to which of the three 
groups they belong to. These groups are: 
(1) dicotyledons, (2) monocotyledons, 
(3) gymnosperms. 

1. The Dicot Stems. —Structures in 
stems change with age as shown below. 

a. The Young Stems, —In a dicot 
stem, there are typically three regions: 
(1) the epidermis; (2) the cortex; (3) the 
stele (Fig. 73). Annual rings are formed 
by the growth of successive years. 

The epidermis is a protective layer 
that completely encloses the rest of the 
tissues except for the openings of the 
stomata. There may be many modifica¬ 
tions of the epidermis due to hairs, scales, 
and cuticle. It may be tough, as in cacti, 
or more delicate, as in herbaceous plants. 
Besides the function of protection, it con¬ 
serves the water supply. 

The cortex region is, in general, the 
region between the epidermis and the 
vascular cylinder. In the young stem, the 
cells of the cortex often have chloroplasts 
and crystals. The innermost layer of the 
cortex, as in the roots, is the endodermis. 

The stele (Gr. stelacho, stem) is the 
central cylinder and is made up of a ring 
of conductive tissues, the vascular bun¬ 
dles, and pith, which is inside the vas¬ 
cular ring. 

Vascular bundles are the conductive 
tissues and are separated from each other 
by parenchyma. The parenchyma of the 
pith may be continuous from the center 
to the cortex and forms the rays. The 
water-conducting tissue is the xj/lem, 
and the food-conducting tissue is the 
phloem. The phloem is on the outside of 
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the bundle toward the cortex. This food-conducting tissue is made up of 
characteristic sieve tubes (Fig. 74). Water tubes, or tracheae, usually 
possess heavy walls characterized by spiral or lattice-form markings. 
Sieve tubes are made up of cells placed end to end, their end walls being 
perforated by holes somewhat like those of a salt shaker (Fig. 74J5). 

The vascular bundles not only conduct fluids from place to place but 
also furnish support. Between the xylem and the phloem is the cambium 
(L. camhiare, to exchange). The growth of the cambium is a “two-way” 
affair; cells are added to the phloem on the outside and xylem on the 
inside. J'or this reason, dicot bundles are called open bundles, 

h. Older Stems, —Older woody stems are different from the young 
stems in the following respeets: 

The epidermis is replaced by cork. During the time the epidermis is 
thin, transparent, living, it has a thickness of only one cell and is per¬ 
forated only by stomata. On the other hand, cork is many layers of cells 
thick, quite or nearly opaque, dead, and perforated only by lenticels. 
New layers of cork are formed successively every season beneath the old 
layers, and these crack and wear away. 

The green tissues of the cortex gradually disappear as the cork layer 
becomes thicker. Eventually, the original cortex is all used up in cork 
fonnation, Cork continues to be formed, however, from the meristems 
that develop from inner cortical and outer stellar tissues. 

The stele makes up most woody stems, and most of the stele is wood, 
formed by the cambium. The wood appears to be a solid cylinder, vas¬ 
cular bundles are no longer evident in this region, but actually thin rays 
of parejichyma radiate through it in all directions outward from the pith. 

Bark consists of all tissues outside the cambium. In a woody stem, the 
principal layers are cork, cortex, and phloem. The cambium forms the 
layer of separation of bark from wood that is xylem. 

c. Annual Rings, —It is an interesting fact that the xylem cells 
formed in the spring and those formed later in the summer are not 
exactly alike; those formed in the earlier part of the season have larger, 
thinner cells than those formed later, which appear smaller and darker. 
The difference in appearance of these xylem cells makes possible the 
recognition of what are known as growth or annual rings. Usually, in 
temperate climates, one growth ring is formed each year, and thus a 
method of estimating the age of a tree becomes available (Fig. 7*5). 
Sometimes a long dry season followed by abundant rain may cause a 
plant to develop two “rings.” 

d. Heartwood and Sapwood, —These terms refer to those portions of 
the wood that are or are not still functional in conduction. The distinction 
is not one of living and nonliving. None of the vessels, tracheids, or 
fibers of the wood is living. They could not function if they contained 
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Fig. 75.—Annual rings. Section of a redwood (Sequoia) tree 88 years old^ showing heart- 
wood, sapwood, and bark. (Courtesy of U.S. Forest Service.) 
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protoplasts. Only the ray cells and other parenchyma in the wood remain 
alive. It is the activity of these living parenchyma cells that transforms 
sapwood into heartwood. Resinous, or other dark-colored materials, may 
be excreted into the conductive cells; or they may be excluded by the 
actual growth of neighboring living cells into them. 

Heartwood helps support the tree but no longer takes part in the 
transfer of materials. Trees may be hollow yet still be alive and growing. 

2. Monocot Stems. —The stems of monocotyledons do not exhibit 
growth rings, because they lack cambium (Fig. 76). In most of these 
stems, the bundles are scattered. Because of lack of cambium tissue, the 
bundle cannot increase in size (closed bundle). Some monocot stems, like 
the palms, increase in size by the growth of a cambium in the pith between 
the bundles. This cambium forms new bundles between the older ones, 
and so the stems increase in diameter. However, no annual rings are 
formed. 

3. Stems of Gymnospekms. —An example of a gymnosperm stem is 
the pine, a conifer. Conifers have essentially the same structures as those 
of the dicots. However, they lack vessels, fibers, and wood parenchyma. 
Tracheids in conifers, which are greatly elongated cells with pitted walls, 
function as both conductive and supporting cells. The evergreen habit 
seems to be related to the lack of storage parenchyma. 

III. The Activities of Stems 

In addition to the special activities of stems, their living cells carry 
on the same processes of food assimilation and respiration as do the other 
living cells of the plant. The energy needeil by the stem for its work must 
come from the oxidation of food and the release of energy (page 532). 

A. The Lifting of Water in Stems.—One of the factors in the lifting of 
water in the stem is the evaporation of water from the mesophyll cells 
of the leaf {transpiration ). The water that is evaporated must be replaced 
by more water, and this must come by osmosis from the adjoining veins 
connected with water-conducting tissue. The mesophyll cells contain 
sugar and other substances in solution. This makes osmosis possible. 
The water tubes are very small, and hence the columns of water are very 
thin. It is possible to imitate what happens by filling a capillary tube with 
water and placing at the tip a porous cup as shown in Fig. 377. As the 
water evaporates through the cup, the column in the tube is drawn up¬ 
ward. Water enclosed in a tube holds together; it is said to be cohesive 
(L. cohaesum^ co-, together; haesum^ to stick). Something like this happens 
in the plant. The water in the mesophyll cells evaporates into the air 
spaces; this is replaced by osmosis, the water coming into the mesophyll 
cells from the veins; this causes the lifting of the column of water in the 
xylem. In Pig. 102, it is shown that the conducting tissues of the stem 
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are in connection with the veins of the leaf and with the conducting 
tissues in the roots of tlie plant. If a carnation is placed in red ink, the 
red ink soon appears in all the parts of the flower. It has come through 
the water tubes of the stem to the veins of the flower petals. 

B. Translocation of Food.—The word translocated means to move to a 
different place. The tissue that conducts food is the phloem. This extends 
from the veins of the leaves, through the stems, to the roots. The cells in 
this tissue are thin-walled and elongated; and sieve tubes are character¬ 
istic of the phloem or food-conducting tissue. The leaf is the main organ 
for food manufacture. In an annual plant, therefore, the food would 
move by diffusion from the leaves to the stem and thence to the root 
(Fig. 10:2). This food is used in the vegetative activities of the plant. 
In due time, flowers and, later, fruits and seeds develop. During this time, 
a great part of the excess food moves to these reproductive structures. 

Translocation of Food in Trees. —In the summer and autumn, 
food moves from the leaves to the branches and from the branches to 
the trunk. Some of it is used up to carry on the work of the plant; some 
of it is stored in the rays, in the food-conducting tissue itself, and in the 
pith of young stems. In the spring, with the coming of warm weather, the 
food that has been stored up in the form of starch is changed to sugar 
and diffuses into the phloem, where, as sap, it passes to all parts of the 
plant. During the spring season, new roots arc developing, and buds are 
growing into leafy shoots. These growth activities require energy. The 
energy of the sunlight is stored up in the carbohydrates. Early in the 
spring, the sap contains a considerable amount of sugar; later, very little 
is present. When photosynthesis begins, the food again passes from the 
leaves to the twigs, then to the branches and to the trunk. 

iV. Sensitive Reactions of Stems 

A. Response to Gravity—Geotropism. —The main or terminal stem 
responds negatively to the force of gravity; i,e,y it grows away from the 
earth. This can be demonstrated easily by turning seedlings of mature 
plants upside down or placing them in a horizontal position. The stem 
will grow upward (Fig. 26). 

B. Response to Contact—^Thigmotropism. —Certain plants, such as 
the morning-glory and pole bean, twine about supports. The tips of these 
plants exhibit spiral movements called nutation (L. nutatio, a nodding). 
If the movement brings the plant in contact with a slender support, it will 
respond to contact by twining around it, thus forming a series of coils. 
Although tendrils may be modified leaves or other parts of a plant, many 
are very slender stems. These are very sensitive to contact, also. After 
they are attached, mechanical tissues develop within, thus increasing their 
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strength. The twisting, or twining, is due to unequal growth on the two 
sides. This draws the twining stem or the tendril close to the support. 

C. Response to Light—Phototropism. —Stems usually react posi¬ 
tively to light. The bending of a stem toward light is due to an unequal 
growth, the growth on the side next to the light probably being checked. 

V. Stems of Unusual Form and Function 

Certain stems may differ widely in form and functions from most of 
those that are familiar. 

A. Unusual Aerial Stems. — 1. Climbing stems exhibit various modi¬ 
fications for resting upon, or attaching themselves to, a support. The 
simplest example is a certain rose that rests 
upon the tops of other plants. It may or may 
not possess thorns that help it to stick to its 
support. Another example (Fig. 67B) is the 
English ivy, which possesses adventitious roots 
(L. adventicius, superadded) that attach 
the plant to its support. The Boston ivy 
develops adhesive disks. Tendrils may be 
modified leaves, as in the pea plant; they 
may, however, be modified stems, such as 
those of the grape. Many stems twine around 
their support, as is true of morning-glories. 

2. Creeping stems trail along the sur¬ 
face of the ground. Watermelon or pump¬ 
kin vines are good examples. Strawberry plants send out runners, or 
stolons, that take root at the tip. Other plants may send out offshoots 
such as the ‘Mien-and-chickens” {Sempervivum) (Fig. 77), This is a short 
branch with a cluster of leaves at the tip that will strike root and pro¬ 
duce a new plant. 

3. Other modified aerial stems are the bulblets formed in the axils 
of tiger-lily leaves, and the unusually short stems of so-called stemless 
plants like the dandelion and carrot or beet. In desert and other dry 
situations, leaves may be reduced to mere spines, and the stem, as noted 
previously, then becomes the chief photosynthetic organ of the plant. 
Stems may also be stout and fleshy and may serve as organs for the stor¬ 
age of food and water (Fig. 101.4, the cactus). Finally, stems may be 
thorndike. Leaves may become modified into thorns, but honey-locust 
thorns are modified stems. 

B. Stems of Water Plants. —Water plants may (1) float (duckweed) 
or (2) be rooted (water lily). Such plants possess large air cavities, and 
their water-vascular systems are not so well developed as are those of 



Fig. 77.—"Hen and chickens" 
(Sempervivum). An example of 
a plant which sends out offsets 
which will root and produce new 
plants. (B. Shamos.) 
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land plants. The air helps buoy up the stems so that mechanical tissue for 
support is reduced in quantity. 

C. Undergrotind Stems.—Figure 78 illustrates four types of under¬ 
ground stems. In all these, the leaves are colorless and are reduced to 
scales. 

1. Rootstock or Rhizome. —^Figure 78^1 is that of a rhizome^ or 
rootstock, of Solomon’s-seal. The rootstock of the common iris is of this 
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Fis. 78.—Four types of undersround ttems. (A), Rhizome, or rootstock, of Solomon's 
teal showing scars (seals) left by stems. (B). Corm of the crocus, a short, stout stem or thick 
rhizome. (C). Bulb of an onion consisting of a much shortened, stem-bearing, thick, fleshy 
leaf basOf in which food is stored. (D). Tuber of the Irish potato. Each " eye" is capable 
of producing a new plant Potatoes are cut into pieces, each piece containing a bud, and 
planted. 


type. They represent horizontally growing stems from which aerial stems 
arise. One feature that distinguishes rootstocks from roots is the presence 
of nodes. Johnson grass is a troublesome weed in the South on account 
of the very rapid growth of its rootstocks. However, this habit is useful 
in binding the soil’’; for example, the sand-reed grass has been planted 
in Europe and America to keep sand from drifting from place to place. 
A rootstock also acts as a place of food storage. 

2. CoBM.—^A corm is a short, upright thick rootstock that contains a 
large amount of food (Fig. 78R). Corms may develop lateral buds. Often 
they are the only part of the plant that survives the winter. They may 
also serve as organs of reproduction. 
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3. Bulbs. —These are familiar to all. Their stems are much shortened 
and bear thick, fleshy leaves in which food is stored (Pig. 78C). Common 
examples arc onion, hyacinth, tulip, and jonquil bulbs. 

4. Tubers are horizontal, thickened portions of rootstocks. They are 
represented by the ordinary Irish potato. Observation of the “eye” 
of the potato shows that the leaves are so reduced as to be only ridges 
and that the bud is reduced to a point. A potato can be cut into many 
pieces, and a new plant will grow from each piece that contains an “eye.” 
Potato tubers are borne on the ends of underground sterns (Fig. 7SD). 
They are important sources of food for man. 

Questions 

1. How does the method of growth account for the difference in shape of a fir and an elm 
tree ? 

2. What are tin* main functions of stems? 

3. Define the followdrig terms as related to stems: Icniiofi^ epidermic, cortex. Me, trautt- 
location, rootstMc, corm, bnlb, tuber, 

4. Plants subnuTged in water usually have weak stems. Why? 

5. In what ways may the epidermis of plants be mo<lified? Does the environment affect 
certain of these modifications? 

6. Comparts the structure of a monocot and a dicot stem. 

7. What is a vascular bundle? What part of the bumlle is concerned with transfer of 
water? Translocation of food? 

8. IIow is water lifted in steins? 

9. How docs plant food move from leaves to stems? 

10. Explain why there is a difference between spring sap and the sap at other seasons. 
Why is maple sap collected in spring? 

11. In tapping a sugar maple, how far in is it necessary to insert the tap for collection of 
the sap? 

12. How does a wire wound tightly around a stem cause injury? Will a girdled tree live a 
long time? 

13. What is sap wood? Ileartwood? Why is it possible for a hollow tree to live and grow? 
How is grafting done? 

14. W’^hat are annual rings? Why may they be used to indicate the approximate age of a 
tree ? 

15. Do all stems respond in the same way to gravity? Light? Contact? 

16. Name some stems of unusual form. What are some advantages and disadvantages of 
each special type? 

17. What are some functions of specialized stems? 
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CHAPTER XI 

STRUaURE AND AaiVITIES OF LEAVES 


Leaves have their time to fall. 

And flowers to wither at the northwind’s breath 
And stars to fall. . . . 

—Hemans. 

Leaves are important and remarkable structures, for in them are 
carried on the activities that are essential to the life of the plant. It is 
difficult to think of green leaves as factories, yet quietly and efficiently, 
using raw materials that they get from the air and soil and the energy 
that they get from the sun, they manufacture food. Their method of 
manufacturing food is called photosynthesis (Gr. phosy light; synthesisy 
putting together), a term that means literally “put together with light.” 
The activity of photosynthesis is carried on in all green cells, but the leaf 
is the center of the process (see below). 

Most of the water lost from plants through transpiration (L. transy 
through; spirOy to breathe) is lost through the leaves, though this process 
may take place in other parts of the plant. To understand these processes 
as well as respiration and excretion, it is necessary to know something of 
the structure of leaves. 

I. The Structure of a Leaf 

A. External Structure.—^Leaves are borne on stems; that part of the 
stem to which they are attached is a node; the space between two nodes is 
an internode (Fig. 79). Axillary hitds arise in the upper angle between 
the leaf and the stem, the axiL 

Leaves vary greatly in size; they may be almost microscopic or may 
be more than £0 ft. long. In general, they arise in buds. A complete leaf 
consists of three parts: (1) the expanded portion, the blade or lamina; (2) 
the leafstalk or petiole (L. petiolus, a little foot); and (3) the stipvles 
(L. stipiday a stalk, stem). If a leaf lacks any of these parts, it is said to 
be incomplete. 

1. The Blade. —This is usually expanded into a thin sheet of green 
tissue. Imbedded in this is a system of veins. These veins help support 
the softer tissue of the blade and are connected with the transportation 
system of the stems and roots. It is by means of the veins that water and 
salts are brought to all parts of the leaf and that food manufactured in 
the leaf is distributed to all parts of the plant. 

18t 
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The Veins. —The pattern of the veins, i.e,, the veination, may be 
either (1) parallel (Fig. 80>4) or (2) netted (Fig. 805). The word parallel 
here means just what it does ordinarily. The main veins in this type of 
leaf are approximately parallel. Connecting the principal veins are 



Fig. 79.—Portion of a seranium plant showins the relation of the leaf and buds to the stem. 

(B. Shamos.) 



Fis. 80.—^Types of leaf veination (Ettinghausen.) (A) Parallel veins of the leaf of the lily 
of the valley .(B) Net veins of the willow leaf. (From Leavitt, Outlines of Botany, The Ameri¬ 
can Book Company.) 

smaller veins, usually invisible. The parallel veins may run up and down 
the leaf as in the lily of the valley, or they may run crosswise as in the 
banana. This type of veination is characteristic of the monocotyledons. 

A second type of veination includes several varieties, but in all of them 
the veins form a complete network. If there are one large main vein. 
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or midrib, running through the center and smaller veins branching off 
from it on either side, it is called pinnate (L. pinna, a feather), because 
the arrangement of the veins suggests the structure of a feather (Fig. 
81^ and B), If there are several veins, or ribs, of equal prominence tliat 



Fig. 81.—Some types of dicot leaves showing differences in general form, leaf margins, 

veining, etc. (L. Runyon.) 


begin at the base of the leaf and spread out like a fan, the type of veina- 
tion is palmate (L. pahna, palm of the hand) (Fig. 81(')- Net-veined leaves 
are, in general, characteristic of the dicotyledons (Fig. 148). 

3. The Margins. —Figure 82 gives an idea of some types of leaf 
margins, of which there are a wide variety. 



Fig. 82.—Types of leaf margins. (A) Entire/ (B) saw-toothed (serrate); (C) toothed 
(dentate); (D) scalloped (crenate); (E) wavy (repand, undulate); (F) sinuous (sinuate); (G) 
lobed; (H) cut (incised, j«gg«d); (I) parted. (L. Runyon.) 

4. Leafstalk, or Petiole. —^This joins the leaf blade to the stem 
and is usually stem-like. Through it materials pass to and fro from the 
leaf blade and the stem. In some way, the blade has control over the 
growth of the petiole. By the bending and twisting of the petiole the leaf 
is placed in the position most favorable with regard to light from the sun. 
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which is necessary for photosynthesis. Sometimes the petiole is absent; 
the leaf is then said to be sessile (L. sessilis^ sitting). In many plants, such 
as com and other grasses, the base of 
the leaf forms a sheath around the 
stem (Fig. 83). 

5. Stipules. —^These are append¬ 
ages that may or may not be present. 

If })resent, they are located at the base 
of the petiole, one on cither side. They 
may be small (Fig. SlE) as in the 
geranium, or large (Fig. 84B), as in 
the j)ea. In some cases, they may 
protect buds, as in the tulip tree. 

Wlien they are green, the manufacture 
of food goes on in them as it docs in 
the green tissue of the blade. They 
may become transformed into spines 
(Fig. 84/)), as in the lilack locust. In some species of smilax, they are 
modified into tendrils (Fr. tendrillony teiuler branch or sprig). 

B. Simple and Compound Leaves.—Simple leaves are those with the 
blade all in one piece, such as those of the oak, maple, etc. (Fig. 81); 



Fig. 83.—A monocot leaf of the grass 
family. The ligule it a membranous 
upgrowth which seems to prevent rain 
water from running into the sheath. 
(L. Runyon.) 



(Proserpinaca), which has divided leaves under water and leaves with flat blades above the 
water. (B) Leaves of the pea modified as tendrils. (C) Leaves of the barberry (Berberis) 
modified as spines. (D) Stipules of the locust (Robinia) modified as spines. (L. Runyon.) 

compound leaves possess blades divided into parts called leaflets (Fig. 85). 
If the leaflets arise in pairs along the continuation of the petiole (rachis), 
it is pinnately compound^ as in the rose (Fig. S5A); if the leaflets are 
attached at one point, it is pahruxtdy compound^ as in buckeye and clover 
(Pig. 85iS and C). Sometimes compound leaves are mistaken for leafy 
branches. They may be distinguished from each other, since there are no 
buds in the axils of the leaflets. Another characteristic is that, although 
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the leaflets may fall from the plant separately, as the leaves do, in the 
autumn the entire structure, leaflets and rachis, falls away; branches 
usually do not fall. 



Fig. 85.—Types of compound leaves. (L. Runyon.) 
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Fis. 86.—Cross section of a leaf, showins structure and the relation of the stomata to air 
spaces* (From Haupt, Fundamentals of Biology.) 


C. The Internal Structure of a Leaf.—A section cut through the blade 
of a leaf and placed under the microscope will show that a leaf consists 
of a complicated arrangement of cells (Pig. 86). Both sides of the leaf, 
as well as the whole plant when young, are covered with a compact layer 
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of cells. This is the epidermis (Gr. epi^ upon; derma^ skin). In the epi¬ 
dermis are a number of very minute openings called stomata (Gr. stoma, 
mouth). Usually many more stomata (sing., stoma) occur on the under¬ 
surface than on the upper surface of horizontal leaves. In vertical leaves, 
stomata arc present on both sides; in floating leaves they are only on the 
upper surface. 

If one strips off the epidermis with a knife and examines it under the 
microscope, he will find that these minute openings have crescent-shaped 
cells on each side (Fig. 87). These are the guard cells, whose function is to 



LOWER EPIDERMIS 




Fig. 87.—Structure and distribution of stomata on leaves. (A) Leaf of wandering jaw 
(Zebrina). (B) Geranium leaf (Pelargonium). (C) Diagram of a stoma (much enlarged), showing 
'lb relation to an air chamber. (L. Runyon.) ^ 


control the opening and closing of the stomata. In this way, they regulate 
the exchange of gases between the surrounding atmosphere and the 
internal atmosphere and tissues of the leaf. The guard cells contain 
chloroplasts, whereas the rest of the epidermis is colorless. 

On the upper side of a horizontal leaf, and to a lesser extent on the 
underside, the outermost portion of the epidermis consists of a substance 
called ctUin (L. ciUis, skin). This protects the leaf from injury and prevents 
the drying out of the tissues underneath. In many plants, hairs of various 
types grow out of the epidermal cells. These may be dead in the mature 
leaf; they may be stinging hairs, as in the nettle, or some other type. 

The middle part of the leaf, or mesophyll (Gr. mesos, middle phyllon, 
leaf) is green. The green cells, or chloroplasts, contain the chlorophyll. 
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Next to the upper epidermis are one or more layers of elongated, compact 
cells that contain chloroplasts; they form what is known as palisade 
(L. paliLSy a stake) tissue. Any chlorenchyma cell {palisadey or other) has 
a large central vacuole as well as chloroplasts, cytoplasm, and nucleus. 
The three latter make a thin layer next to the cellulose wall. One defini¬ 
tion of palisade is “a fence of stakes set firmly in the ground to enclose or 
defend.’^ Figure 86 explains why this is called palisade tissue. Below the 
palisade tissue are irregular, loosely arranged cells, the spongy mesophylL 
The numerous air spaces between these cells are in direct communication 
with the stomata. These spaces also reach up to and in between the 



Fig. 88.-—Leaf arransemenL a rosette. The mullein plant srows as a rosette the first year, 
storins up food with which it produces flowers and seeds the second year (biennial habit). 
(Dr. E. H. Runyon.) 

palisade cells. This important arrangement allows the taking in and giving 
off of gases, as will be seen later. The cell walls of the mesophyll contain 
cellulose. 

Veins or fibrovascular bundles run through the blade. The fibrovascular 
bundles form the conductive system of the plant. They are made up of 
water-conducting tissue, or xylem (Gr. xyloriy wood) and food-conducting 
tissue, or phloem (Gr. phlooSy bark). Figure 86 will make the relationship 
of xylem and phloem clear. 

II. Leaf Arrangeinent 

Leaves are arranged in many ways in order to secure for themselves 
the light they need. In most plants, the leaves are on vertical stems. In 
these, as well as in rosettes (Fig. 88), the lower petioles are increasingly 
longer from the tip to the base of the stem. This allows the lower leaves a 
better light exposure. 

A. Definite Leaf Arrangements—Phyllotaxy.— Leaves are usually 
attached to the stem in a definite system, or arrangement, called phyllo^ 
taxy (Gr. phylhuy leaf; taxisy arrangement). They are not placed on the 
stem helter-skelter but as follows: 
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1. Opposite. —I^eaves may be placed on the stem opposite each other; 
in this case, there are but two leaves, one on each side of the stem, at the 
joint or node. When the leaves are opposite on an erect shoot, the second 
pair usually stands at right angles to the first pair, the third pair the 
same way as the first pair, the same as the second, etc. (Fig. 89C). 

2, Whorled. —If there are more than two leaves at a node, there will 
be a cycle or whorl (Fig. 89/iJ). This type of arrangement is shown in the 
hardy Catalpa, The leaves of any whorl are in the spaces between the 
leaves of the whorl next above or below. 




INDIAN CUODMBeil 
NOOT 
WHORUED 


89.-~Examples of leaf arrangement. (A) (6) and (D) are spiral arrangements; (C) shows 
arrangement spoken of as opposite; (E) whorled arrangement. (B. Shamos.) 


3. Alternate, or Spiral, —If there is one leaf at a node, the arrange¬ 
ment is alternate and results in a spiral arrangement of leaves on a stem. 
In the simplest case of spiral arrangement, the third leaf is directly over 
the first. This is the one-two type, which is commonly written 1/2. The 
numerator refers to the number of turns around the stem before a leaf 
is met with that is exactly over the first leaf; the denominator refers to 
the number of leaves in the spiral. Following this system, plants will be 
found with leaf arrangement of 1/2, 1/3, 2/5, 3/8, 5/13, etc. Higher 
arrangements, such as 21/55, are shown by the scales on a pine cone. 

B. Special Leaf Displays. —Plants show many arrangements of leaves 
with reference to light. The longer petioles on the lower leaves of rosettes 
and other shoots have already been referred to. 

1. Mosaics. —^If one walks under a maple, or other shade tree, it can 
be noted that the leaves have their upper sides spread out to the light 
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Fig. 90.—(A) Branch of a sugar maple (Acer) showing leaves arranged in a mosaic. (B) 
Parthenocissus tricuspidata growing on a wall. In both of these examples the leaves are 
arranged to get the best possible light (Z. Wells.) 



Fig. 91.—Poiition of leaves with reference to the light (A) Leaves in an upright position 
(Iris). (Courtesy of Hastings Seed Company.) (B) Horizontal floating leaves (water lily). 
(H. A. Carter.) Different types of plants have different light requirements. 


growing on the wall will have its leaves so arranged that there will be 
very little shading* This is called the mosaic arrangement. English ivy 
and Japanese or Boston ivy show this arrangement (Fig. 90B). 
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2 . Erect and Edgewise Positions of Leaves. —The usual position 
of leaves is with the broaxl upper surface toward the light, but there are 
exceptions. Such plants as grasses, irises, etc., possess blades that are 
nearly erect (Fig. 91). Many bear their leaves edgewise, as wild lettuce 
(Fig. 92). These may be more sensitive to light than are common leaves 



Fig. 92.—Position of leaves with reference to the light. The prickly lettuce is sometimes 
called the "compass plant*' because its leaves are arranged in a north and south direction. 
It is well lighted in the early morning and late afternoon but escapes the intense light of 
midday. The leaves may be more sensitive to light than some others. (From Strasbaugh and 
Weimer, General Biology^ John Wiley & Sons, Inc.) 

(page 134). But even in the majority of plants, young leaves emerging 
from buds are usually erect. They assume their usual position when their 
cells mature. 

8. Changed Arrangements Due to Light, —^Light may cause a 
change in leaf arrangement. For example. Fig. 931? shows a horizontal 
branch from a honeysuckle bush having leaves opposite each other, wdth 
two ranks, whereas Pig. 9SB shows an upright branch with leaves opposite 
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each other, with four ranks. In the horizontal branch, the petioles of the 
leaves have twisted so as to place the blades in a more favorable light. 
Thus, on the same bush, there are horizontal branches with a two- 
ranked arrangement and upright branches with four ranks. The leaves 



Fis. 93.—^The reUtion of plants to lisht (A) Uprisht branch from a honeysuckle (Lonicera 
frasrantissima) with leaves illuminated from all sides. (B) Horizontal branch from the same 
bush. Position of the leaves due to one-sided Illumination. (F. Crane.) 

originate in positions that are perfectly definite, but under the influence 
of light the petioles bend, and the blades are brought into various 
positions. 

III. The Fall of Leaves 

A. Deciduous Plants.—Many plants in the temperate zone shed 
their leaves regularly in the autumn. Long before the leaves fall, these 
plants develop a special layer of cells at the base of the leaf petiole, an 
abscission (L. absdssio; ab, from; sdndere, to cut) layer (Fig. 94). The 
cells in the abscission layer are special cells having the peculiar property 
of becoming soft so that they separate from each other. This leaves the 
leaf fastened to the stem only by the vascular bundles. Soon the strands 
of the vascular bundles break and the leaf falls. A layer of corky cells 
formed just underneath the abscission layer heals the scar and protects 
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the stem. Plants that regularly shed their leaves are known as deMuouft 
(L. de, down; cado, fall). 

1. Advantagkb. —The advantages of the deciduous habit are: (a) The 
trees can better withstand the winter drought, (b) New leaves every 
year furnish the plant with more efficient organs for food manufacture, 
(c) Pood can be manufactured more readily in leaves with less cuticle. 



Fis. 94.—(A) diAsram to show lca^ abscission layer; radial section throush twis and 
leaf base in Juglans cinerea. The abscission layer extends throush the vascular bundle only 
in parenchyma cells; all other cells are broken mechanically. (B) detail of cellular structure 
of a small part of the layer three weeks before leaf fall. (From Eames and McDaniel, Introduc* 
tion to Plant Anatomy.) 


2. Disadvantages. —Certain disadvantages are (a) the large amount 
of food materials necessary each year to produce an entirely new set of 
leaves and (b) the shorter food-manufacturing season, only 5 to 8 months. 

B. Evergreens.—Plants that seem not to shed their leaves are the 
evergreens. These do shed their leaves but not all at once; some of the 
leaves may live to be several years old. Evergreen leaves are character¬ 
istically stiff and are protected by a very thick cuticle. 

1. Advantages. —^The advantages of the evergreen habit are: (o) 
The leaves are constructed to conserve water and so stand dry conditions 
of winter. (&) Food can be manufactured even when the temperature is 
low. (c) The tree does not use so much material each year in growing an 
entirely new crop of leaves. 
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2 . Disadvantages. —Some of the disadvantages are: (a) Food can¬ 
not be manufactured rapidly in compact leaves with heavy cuticle such 
as are borne by evergreens, (b) Rapid growth cannot take place without 
rapid food manufacture, (c) Leaves that have a longer working life are 
not so efficient in food manufacture as the new leaves of a deciduous tree. 

B. Plants Either Deciduous or Evergreen.—Some trees that are 
deciduous in one part of the country are evergreen in other places. For 
example, one species of holly, Ilex decidua^ has the deciduous habit in the 
North but is an evergreen in the South. There are other plants like this, 
which indicates that leaf habits are affected not only by heredity but also 
by environment. The factors in the environment that—in part, at least— 
affect leaf habits are temperature and moisture. 

IV. The Work of Leaves 

A. The Food Factories of the World. 1 . Manufacture of Carbo¬ 
hydrates. —Through the stomata (Fig. 87), carbon dioxide enters the 
leaf from the air; water enters the roots of the plant from the soil and is 
brought to the leaf through the fibrovascular bundles. With these mate¬ 
rials, the chlorophyll in the chloroplasts, with the aid of energy from the 
sun, is able to manufacture sugar or glucose. This is photosynthesis (page 
116), Interest in this process deepens when it is considered that in all the 
world (outside a chemistry laboratory), organic compounds are formed 
from inorganic raw materials solely in green plants and by photosyn¬ 
thesis. Animals and colorless plants are powerless to do this. They are 
dependent upon green plants for their food and other requirements of 
organic materials. Just how chlorophyll, with the energy from absorbed 
light, is able to break up carbon dioxide and water and recombine them 
into a different compound is not known. The process may be represented 
as follows: 


6 CO 2 + 6 H 2 O + energy CoHiaOe + 6 O 2 

carbon dioxide water light glucose oxygen 

The process by which this is brought about is not simple or well under¬ 
stood, but the result is known. There are probably other steps in the 
reaction before the final result is arrived at as shown above. This reaction 
means that carbon dioxide and water, plus energy from sunlight, are 
transformed into glucose and that oxygen is given off as a by-product. 
In most plants, sugar is transformed into and stored as starch, a substance 
that is insoluble. Starch constitutes a reserve source of food for use at 
any time that the sugar supply becomes low. 

2 . Proteins. —^Plants are able to construct a variety of complex foods 
from glucose and mineral salts. Proteins all contain nitrogen and many 
of them, svlphur and phosphorus. These elements, in the form of nitrates. 
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phosphates, sulphates, enter the plants dissolved in the water from 
the soil. The plant is able to use them together with the simple sugar in 
manufacturing proteins. They are stored in seeds and in other parts of the 
plant and are used for building up protoplasm, 

3. Fats contain the same elements as carbohydrates, C, H, and O, 
but the 'proportions are different. Less oxygen is present in proportion to 
carbon and hydrogen than in the carbohydrates. Animals and colorless 
plants, as noted above, are unable to synthesize food from inorganic 



Fis. 95—(1)—Experiment to prove thet green plants manufacture starch. 

(A) Cork placed over a portion of the leaf to exclude light 

(B) Chlorophyll removed from the leaf by boiling in alcohol 

(C) The leaf treated with a weak solution of iodine which colors starch blue. The blue coloi 

appears in the paits of the leaf which were exposed to the light. 

(11)—^Some coleus leaves have little or no chlorophyll in the center of their leaves as in this 
variety. For this reason no starch is found In that region. (6. F. Fountain.) 

materials. Animals may obtain food by eating other animals, but th^ 
animals they eat have used plants for food; so the saying that green 
plants are the food factories of the world is justified. The manufacture of 
proteins and fats can go on in either light or darkness, but for photosyn¬ 
thesis, or the manufacture of carbohydrates, light is necessary. 

4. Simple Experiments to Prove Photosynthesis. —It can easily 
be demonstrated that plants manufacture starch. It is necessary only to 
cover a part of a leaf and set the plant in the sun (Fig. 95/). After 
about an hour has elapsed, the leaf is removed from the plant and the 
chlorophyll extracted. This can be done by boiling the leaf in alcohol 
All the chlorophyll, or green color, will come out. The leaf is then placed 
in a dilute solution of iodine. The iodine will react with the starch, and 
the starch will become blue in color, Beference to Fig, 95/-C shows that 
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the part of the leaf that was covered so that the sunlight did not strike 
it remains without color after the treatment with iodine. 

Often red pigment masks chlorophyll. In many of the Colems plants, 
however, or in leaves like snow-on-tiie-mountain, the red or white spots 
that give these leaves their showy character do not cover up chlorophyll, 
and the process of food manufacture does not take place in these areas. 
This can easily be demonstrated by taking a leaf from one of these plants 



Fis. 96.—-Depend«itc« of plants upon lisht The lower portion of this yellow cosmos 
plant was exposed to li^ht for 10 hours each day, while the upper portion received no light 
(From the J. Agr. Research.) 

that has been in the sunlight (Fig. 95/) and treating it exactly as in the 
experiment with the geranium. After extracting the chlorophyll with 
alcohol and treating the leaf with the dilute solution of iodine, the area 
that was green is now blue, whereas the red or white part of the leaf 
remains colorless, showing that no starch was manufactured in the portion 
of the leaf where the green chlorophyll was absent. 

That green plants cannot live without light is shown by the picture 
in Fig. 96 of the weak portion of the plant above and the vigorous 
healthy portion below. To be healthy, the plant must have light for at 
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least a part of the day; otherwise, there is not enough food manufactured 
to take care of the life processes of the plant. 

The need of energy for all activities of the plant and what the source 
of that energy is have been discussed (page 140). It is important tc 
keep this information in mind. When the plant manufactures food by the 
process of photosynthesis, it is also storing up energy. 

B. Respiration.—As has been pointed out, respiration goes on in all 
living cellsy and the fundamental process is the same in all organisms. 

1 . Respiration in Plants. —^In many respects, this process is the 
reverse of photosynthesis. Oxygen is used to break down, or oxidize, food 
substances in the cell in order that there may be energy to carry on the 
work of the plant. In this process, carbon dioxide and water are given off. 
If chemical shorthand is used to express this reaction, it will appear to be 
the exact reverse of that used for photosynthesis; 

C 6 H 12 O 6 + 6 O 2 ~> 6 C 02 + 6 H 20 + energy 
glucose oxygen carbon water heat or ability 

dioxide to move 

2 . Respiration and Photosynthesis. —It will perhaps make things 
clearer to contrast these two processes. 

Photosynthesis Respiration 

Oxygen is given off Oxygen is absorbed 

Water and carbon dioxide are raw materials. Carbon dioxide and water are w'aste mate¬ 
rials. 

Carbohydrates are built up * Carbohydrates are used up 

Energy is stored Energy is set free 

Weight is increased Weight is decreased 

Goes on only in cells containing chlorophyll Goes on at all times in all living cells, 
and only in the presence of light. 

C. Demonstrations Relating to Photosynthesis and Respiration. 

1 . To Prove That Plants Give Off Oxygen in Photosynthesis.— 
Some green plants {Elodea is a good type) are put in a jar and covered 
with a funnel as shown in Fig. 97. If the tube over the funnel is filled with 
water before it is inverted over the end of the funnel, the oxygen bubbles 
will displace the water if the plant is placed in the sunlight. That the gas 
collected is oxygen may be tested by thrusting a lighted stick into the 
tube. It will bum much more brightly if oxygen is present. The liberation 
of oxygen in the light demonstrates the important fact that photosyn¬ 
thetic liberation of O* greatly exceeds the simultaneous utilization of O 2 
and respiration. 

For a control, another experiment is set up exactly like the first and 
covered with a bucket or corrugated paper box to keep out the light or is 
just set in the dark. No oxygen is given off. Indeed, any oxygen present 
dissolved in water would be used up in respiration. 
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2. The Role op Carbon Dioxide. —Carbon dioxide is necessary to 
the health of the plant. If experiments are set up as shown in Fig. 98, it 
will be found that the plants growing in the atmosphere from which car¬ 
bon dioxide has been removed form no starch. The sodium hydroxide in 
B will absorb the carbon dioxide so that the plant will be deprived of one 
of the “raw materials’’ used in food manufacture. 

The test for carbon dioxide is simple. Since carbon dioxide will dis¬ 
solve in water, it will not appear in the form of bubbles, as oxygen does. 



Fig. 97.—Experiment to show that plants in the light give off oxygen. (A) Plant in sun¬ 
light. Note bubbles of oxygen. (B) Plant in the dark. Note absence of oxygen bubbles. 
(L. Runyon.) 


The oxygen will dissolve, too, to some extent, but carbon dioxide dissolves 
in water more readily than oxygen. Elodea, or another plant, is placed in a 
jar and left in the dark for some hours or overnight. Then a small amount 
of the water in which the plants have been is removed and shaken up with 
a little lime water. If carbon dioxide is present, it will turn the lime water 
milky. 

D. Water Loss.—1. Transpiration. —This may take place in any 
part of the exposed plant but occurs mainly in the leaves, on account of 
their position and structure. 

a. Role of the Stomata in Transpiration .—It has been seen that the 
stomata, in general, open in the daylight and close to some extent at 
night. They make possible the exchange {diffusion) of gases between the 
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atmosphere and the plant, and it is through the stomata that most of the 
water is lost as water vapor. 

6 . Amount of Water Given Off in Transpiration, —Only a small portion 
of the water absorbed by the roots and carried to the leaves is needed for 
photosynthesis. Many things influence the amount of water given off, 
such as the kind of plant, the temperature, the amount of water vapor in 
the air {humidity), etc. It has been estimated that an active sunflower 
AIR air 




Fig. 98.—Experiment to show that plants need carbon dioxide. (A) The air supply 
containing carbon dioxide filters through pebbles only. (B) The air supply filters through 
sodium hydroxide which will remove the carbon dioxide. The geraniums were approximately 
the same size when placed under the bell jars. (L. Runyon.) 

plant of moderate size will lose a quart of water a day, whereas a tree will 
give off 90 to 100 gal., depending upon the number and size of the leaves. 
The amount of water that is lost by transpiration by 1 acre of growing 
grass has been estimated at 6)^ tons a day during the summer. 

c. Significance of Transpiration, —If transpiration exceeds water 
absorption, plants suffer from lack of water. Transpiration is, therefore, 
always a dangerous process for a plant with limited water supply. Plants 
cannot walk away from the dry, hot soil and get a drink like an animal 
when thirsty, yet transpiration is inevitable: for if stomata are open—^and 
they must be for the entry of carbon dioxide for photosynthesis—^nothing 
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can prevent the evaporation of water. Thus transpiration is a necessary 
and dangerous accompaniment of photosynthesis. Many have supposed 
transpiration to be beneficial to the plants but none of the theories is 
well substantiated. 



Fig. 99.—^Transpiration In plants. I (A) Geranium leaf anranged so that only the stem is 
in water and so that no evaporation of water can reach the inverted glass through the cardboard. 
(B) Control. 11 (A) Pot in which a geranium is growing is covered with rubber sheeting to 
prevent evaporation from the soil. Control. (L. Runyon.) 

d. Factors Limiting Transpiration .—In most plants* the stomata are 
open in the daylight and closed at night so that the stomata modify the 
rate of transpiration. They usually dose when leaves wilt, though there 
are ^me exceptions to this rule. 
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Some structures modify transpiration: for example, the cuticle of 
leaves and other parts of the plant, the “bloom,” which consists of finely 
divided wax particles scattered over the surface of leaves and fruits, small 
leaves, compact leaves, and the presence of such substances as resins 
and waxes. 

The resurrection plant is able to withstand a remarkable amount of 
drying. Its branches will turn in until the plant becomes the shape of a 
ball. In this condition it may remain dormant for weeks or months. When 
wet weather returns, the plant will open out and begin to grow. A few 
other plants can withstand this drying-out process, but the great majority 
will die if water is absent for loo long a period of time. 

e, Deinonstrafion of Transpiration ,—Transpiration is readily demon¬ 
strated thrusting a geranium leaf through a piece of cardboard and 



Fis. 100.—Water of suttetion. Poppy loaves showins water at the ends of veins. The 
water is excreted because the plant has absorbed more than it needs. It is found in the early 
mornins and is often mistaken for dew. 

placing the stem in water. If the stem does not fit tightly in Ihe hole in 
the cardboard, it should be sealed in with wax or cotton. A glass is inverted 
over the leaf, and soon drops of water collect inside (Fig. 99^1). Transpira¬ 
tion and its importance will be discussed further in the study of stems. 

Another method of demonstrating the same thing is to cover with 
rubber the pot in which a geranium is growing. If a bell jar is inverted 
over this pot, the moisture will soon collect on the inside of the bell jar 
(Fig. 110.4). That the moisture does not come from the air is easy to 
demonstrate by placing an empty bell jar in the same situation (Fig. 99J?). 

Guttation (li. gutta^ drop).—^Transpiration has been described as 
water loss, and that is what it is; but the form of water that is lost is water 
vapor. Water is sometimes lost also in liquid form. In certain plants, 
especially on cool, humid nights following hot days, water can be found 
along the edges, or tips, of leaves (Fig. 100) in the form of drops. Such 
water is often mistaken for dew. This is called the water of gvttation. The 
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process of guttation is not fully understood. The water of guttation leaves 
the plant through special pores connected with the veins. 

V. Leaves of Unusual Form and Function 

Certain leaves are so modified that they are difficult to recognize as 
leaves. Some of these will be described more fully later; here attention 
will be called only to the fact that they are modified leaves. The plant 
mermaid weed shows some of these modified leaves (Fig. 84^1). It will be 
seen in A that the part of the plant under water bears divided leaves, 
whereas in the part above the water each leaf consists of one piece. The 




Fig. 101.—Modified leaves. (A) Cactus (Echinocactus) showing modification of leaves 
into spines. The stem is modified for food manufacture and storage. (Dr. E. H. Runyon.) 
(B) ^'Walking fern** (Camptosorus) with leaves modified as reproductive organs. If the leaves 
touch the ground, they send out roots and new plants are thus produced. (B. Shamos.) 

divided condition is especially characteristic of submerged aquatic plants. 
Such leaves offer less resistance to small currents of water. 

A. Tendrils.—Tendrils are slender, thread-like structures, interesting 
in their variety and in the ways in which they support the plant by 
adhering, or twining, around supports. Not all tendrils are modified 
leaves; some are modified stems. Tendrils that are modified leaves occur 
on the pea plant (Fig. 94jB). 

B. Spines and Thoms.—In some cacti, all the leaves are transformed 
into spines, and the stem becomes the expanded green part of the plant 
(Fig. 101.4). The barberry exhibits all gradations of transition from leaves 
to spines (Pig. 84C^). In the black locust, the spines are modified stipules 
(Fig. 97/)). Not all spines are modified leaves. Those of the honey locust 
are modified stems, whereas those of the rose are simply outgrowths of the 
epidermis and cortex. 
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C. Bud Scales. —If the outer scales of a bud are peeled off, they will 
be found, in many cases, to be small and thick and often to contain a 
sticky substance, such as resin, and sometimes to appear downy or hairy. 
All these features are connected with the protection of the tender bud. 
Bud scales are modified leaves or parts of leaves. 

D. Storage. —TJuless one knows better, the onion is usually believed 
to be a root but really is a collection of leaf bases containing stored food. 
The green plant above the ground manufactures the food, and this is 
stored in the fleshy lower parts of leaves below the ground. This stored 
food is used by the young plant while it is developing and until it can 
manufacture its own food in its green tissue. Later, the food storage in 
seed leaves will be described (page 178). 

E. Vegetative Reproductive Organs. —Certain leaves of the walking 
fern (Fig. 101/i) will take root at their tips and form new plants. Leaves 
of the “life plant” Bryophyllum will bud at the leaf notches and form 
new plants, even if not placed on the soil (Fig. 55). These leaves thus serve 
us vegetative reproductive organs. 

F. Insect Traps. —The highly specialized leaves of carnivorous plants 
such as sundews and pitcher plants will be described later (pages 154,155). 

Quettiont 

1. Define: node, lamina, petiole, stipule, vein, rachis, cutin. 

2. Compare simple and compound leaves. 

3. How are loaves arranged on the stem ? Are there any variations in the position of leaves 
with reference to lightExplain "why the petioles of leaves on the same plant are often 
of different lengths. 

4. What are the tissues of a typical leaf? How are they arranged? Explain how this 
arrangement is favorable for the main w’ork of the leaf, the manufacture of sugar. 

6. What are the raw materials necessary for photosynthesis? Where is the energy neces¬ 
sary for this work obtained? Why are green plants called ihe food factories of the world? 

6. What other foods besides sugar are manufactured by plants? Is sunlight necessary 
for the making of these foods? 

7. What is the role of the stomata? How do the guard cells function? How could smoke 
and dust injure plants? 

8. ("ompare the procesvses of respiration and photosynthesis in plants. 

9. What is transpiration? Guttation? In w^hat ways is transpiration important for the 
life of the plant? 

10. Plants are said to grow faster at night, yet photosynthesis goes on only in the daylight. 
Explain why. 

11. Wliy prune trees which are to be transplanted in summer? What season of the year 
is most favorable for transplanting plants? Give reasons for your answer. Why cannot 
a wilted plant carry on normal functions well? 

12. What protection to the plant is wilting? Why will cut flowers stay fresh longer if the 
stems are cut every day? ' 

18. What are some advantages and dbadvantages of the deciduous habit of some plants? 

The evergreen habit? Does the dimate ever affect these habits? 

14. Compare the leaves of desert plants with those of temperate sones. 
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18. Why are divided leaves advantageous to under water plants? 

16. Name some structures that are modified leaves. 
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CHAPTER XII 


PROBLEMS AND AQIVITIES OF THE PLANT 
AS A WHOLE; GROWTH 

I. Metabolism 

The power of manufacture, transformation, and assimilation of foods 
is characteristic of living protoplasm and is termed metabolism (page 8). 
The constructive phase, anabolism, is concerned with the construction of 
simple carbohydrates and from these the more complex plant foods, 
including fats and proteins. It is also concerned with the storage of these 
foods and their assimilation into living protoplasm. Growth of new tissue 
is thus made possible. The destructive phase, katabolism, is concerned with 
the breaking dowui of protoplasm and its inclusions. This leads to a 
production of wastes as well as a liberation of energy necessary for the 
activities of living organisms. 

A. The Building-up Phase—^Anabolism. —This includes the manu¬ 
facture, or synthesis (Gr. syrty together; tithenaiy place) of (1) foods, (2) 
protoplasm, and (3) cell walls and other nonliving substances. 

1 . Manufacture of Carbohydrateb. —Photosynthesis takes place 
in the green tissues of the plant, especially the leaves (page 140; Fig. 102). 
It is the process by w^hich the chlorophyll of plants, with carbon dioxide 
and water as raw materials, synthesizes carbohydrates with the aid of 
energy from light. Energy from the light is stored up as a result of this 
process. Carbohydrates, i.e,y starches and sugars, are made up of carbon, 
hydrogen, and oxygen. From simple sugars are elaborated all the other 
foods upon which both plants and animals depend. The other two classes 
of foods produced by the plants are protein^s and fats. 

2 . Synthesis of Proteins and Fats. —Proteins contain the same 
substances as the carbohydrates and, in addition, water, nitrogen, and 
often sulphur and other substances. Minerals are added to a carbohydrate 
(glucose) to form amino acidsy which are the building units of the proteins. 
Some of the glucose is transformed into fatty acid and glycerin, which are 
the building units of fats. Fats also possess the same chemical elements 
as carbohydrates, namely, carbon, hydrogen, and oxygen. The carbo¬ 
hydrates and fats are used by the plant as a source of energy; the proteins 
are used for repair and building processes. They may be modified into 
enzymes and secretions. All types of food are involved in the formation of 
protoplasm 
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3. Assimilation. —The changing of food into living substance is 
assimilation. In the process of assimilation, nonliving substance becomes 
organized into living protoplasm. Energy is necessary for the building of 
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living substance, and this is obtained through a process of respiration 
(katabolic phase). The anabolic and katabolic processes go on at the same 
time. 

Just as some of the conditions necessary for photosynthesis are known, 
so some of the conditions necessary for assimilation are known. Some of 
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the conditions that must, precede assimilation may be summarized 
as follows: 

a, A substance to be assimilated must be in soluble form. 

fc. It must be transported to regions where assimilation is taking place, 
such as the growing part of a plant. 

c. Stored food that is insoluble cannot be assimilated until it is broken 
down or changed into a soluble form. 

B. The Destructive Phase—Katabolism.—^The main katabolic proc¬ 
esses are digestion, respiration, and fermentation. 

1. Digestion. —Foods must be in a soluble form before they can be 
transported in the plant. 

a. Role of Enzymes. —The change of materials from an insoluble 
to a soluble form is brought about through the agency of enzymes; the 
process is called digestion. It is a chemical process. Enzymes (Gr. en, in; 
zyme, leaven) (page 193) were, formerly called ferments, because the 
fermentation of solutions in which yeast cells were growing was one of 
the first cases in which enzyme action was observe^d. What happens 
is that enzymes bring about chemical changes without themselves 
taking part in the process. Any agent that is able to act in this manner 
is called a catalyst (Gr. kata^ down; lysis^ loosening). Enzymes are 
found in both plant and animal cells. A very interesting character¬ 
istic regarding the nature of enzymes is that of specificity of action; 
i.e.^ each enzyme acts on only one specific substance. Some examples 
of plant enzymes are amylase, which changes starch to maltose, and 
maltase, which changes maltose to glucose. Diastase is a mixture of 
these two enzymes. Many seeds are rich in fats; hence there must be an 
enzyme present in them that will aid in the digestion of fats; this enzyme 
is lipase. Proteins are changed from an insoluble to a soluble condition 
by a group of enzymes called proteases^ or proteinoses. 

In digestion, complex food substances are split up into simpler sub¬ 
stances. For example, carbohydrates are changed into sugars; fats are 
split up into fatty acids and glycerin; proteins are split up into amino 
acids and other substances. All these processes involve the addition of 
water. A very minute amount of the enzyme is all that is necessary. 
Since foods are digested outside the body if the proper enzymes are 
employed, digestion need not be carried on directly by the protoplasm. 

Another interesting property of enzymes is that the reactions in which 
they are involved are reversible; i.e., they work both ways. An example 
will make this clear. 

Fat + enzyme ;=± fatty acid + glycerol + enzyme 

From all this, it can be seen that the processes of building up and the 
processes of tearing down go hand in hand. The building-up processes, 
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or anabolism, include the synthesis of food and the making of protoplasm. 
The tearing-down process, or katabolism, includes (1) the conversion of 
foods into usable forms, which involves the splitting up of complex 
substances into simpler substances, and (2) the oxidation of foods for the 
purpose of releasing energy needed by the plant to carry on its life 



D E F 

Fi 3 . 103.—VcnufVflyirap (Dionaea) catchins a fly. (A) Houtefly ftepi upon a leaf 
of Venus's-flytrap. (B) Moves in further. (C) Steps on sensitive hairs. (D) Leaf closes; 
fly captured. (E) The fly dies and is partially disested by the leaf. (F) The leaf opens and the 
indisestible portions of the fly fall out. (Courtesy of the General Biological Supply Company.) 

activities. There is no anabolism without katabolism; the two go hand 
in hand. 

b. Where Digestion Takes Place. (1) Digestion in cells. —Higher 
animals are provided with elaborate digestive systems in which food is 
digested. This digested food is absorbed and carried to every part of the 
animal body by the circulatory system. Plants do not possess such systems 
as these. Digestion may take place inside any cell (intracellular digestion), 
though it occurs chiefly in places where food has been stored. 

(2) Digestion outside cells, (a) Digestion in Carnivorous Plants. 
We have said that digestion may occur in any cell. Digestion may also 
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occur outside the cell, for example, in the carnivorous plants. Here, 
when the plant “catches” an insect, digestive juices are poured over the 
insect, and the products of digestion are then absorbed by the plant 
(Fig. 103). 

(6) Digestion in Plants Lacking Chlorophyll.—The bacteria and 
Fungi use extracellular as well as intracellular methods of digestion. The 



Fis. 104.—Dependent se«d planb. (A) Indian pipes (Monotropa). (Mrs. Totten.) (B) 
Dodder (Cuscuta) in bloom. (Courtesy of The Wild Flower Preservation Society.) (C) Modi¬ 
fied roots of dodder, (diagrammatic) 

extracellular process is carried on outside the plants, and the products 
are then absorbed. Such plants are known as saprophytes and parasites. 
The saprophytic and parasitic (page 189) habits are also exhibited by 
certain seed plants. The Indian pipe, for example, is a seed plant that is 
saprophytic, securing its food from dead organic matter, and the dodder 
is a parasite that secures its food from the host on which it lives (Fig. 104). 

c. The Fate of the Digested Food, —Plants and animals need food in 
order to carry on living processes; it is the fuel that keeps the living 
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organism alive and working. In summary, we may say that digested foods 
may be used as follows: ( 1 ) They may be oxidized and thus release energy. 
This process of respiration is carried on by every living cell. The energy 
released is needed for the work the plant has to do in maintaining itself, 
in growing, and in reproducing. ( 2 ) They may be transformed into 
substances suitable for storage. This involves a change to an insoluble 
form such as starch. (3) They may be carried to other parts of the 
plant, i,e., translocated (Fig. 102 ). (4) They may be used for building up 
protoplasm. This is the process of assimilation. (5) They may be used 
to synthesize the many compounds that occur in plants. 

2 . Respiration and Fermentation. —There are two types of 
respiration, aerobic and anaerobic. 

a. Aerobic (Gr. aer^ air; bios^ life ).—Respiration is essentially an 
oxidation process. It is carried on in every livdng cell. Animals possess 
special respiratory organs. These are concerned with the exchange 
of gases; strictly speaking, such organs are for breathing and not for 
respiration. The plant is not provided with anything resembling a “lung,'’ 
but some of its structures are concerned wdth the exchange of gases. 
These structures are the stomata, lenticels, and intercellular spaces (Fig. 
102 ). For the part of the plant above the earth, oxygen is obtained from 
the air; for the root system, oxygen is obtained from the air that is dis¬ 
solved in the water. In the process of respiration, oxygen is consumed, 
and carbon dioxide is given off. An example will make this clear. 

C 6 H 12 O 6 + 6 O 2 6 H 2 O + 6 CO 2 + energy 
glucose oxygen water carbon 

dioxide 

Glucose is used as an example here, because it is the most common 
material available to the plant. Plants are able to use other substances 
as a source of energy, namely, stored fats and proteins; in cases of 
starvation, even protoplasm itself may be consumed for food. 

The most important fact about respiration is that it provides energy 
for the use of the plant. Plants probably never use all the energy that they 
are provided with as a result of the process of respiration. Some of the 
energy escapes in the form of heat, and, in the case of certain bacteria 
that are luminescent, in the form of light. 

Not all substances yield the same amount of energy. A gram of carbo¬ 
hydrate, when burned outside the body, will yield less energy than will a 
gram of either protein or fat. Many things affect respiration, such as the 
amount of food and water present, the light relations, the temperature, 
and the quantity of oxygen available. 

b. Anaerobic Respiration or Fermentation ,—In the study of yeasts 
(page 193), fermentation is described as a respiratory process of the yeast 
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plants. In these plants and in certain other plants that are deprived of 
free oxygen, evidence of respiration persists in the giving oflF of carbon 
dioxide. Such plants secure their energy through the agency of enzymes. 
For example, the sugar that is present may be split, forming alcohol as a 
result and giving off carbon dioxide as a gas. When such a chemical 
reaction takes place, energy is released that the plant uses for all its life 
activities. 

C 6 H 12 O 0 + enzyme 2 C 2 II 6 OH + 2 CO 2 + energy 
glucose ethyl carbon heat 

alcohol dioxide 

It is important to note that certain species of bacteria and Fungi not 
only do not need free oxygen hut die when it is present. They use the 
anaerobic type of respiration altogether. A good example of an anaerobe 
is the organism that produces the dread disease known as lockjaw. This 
minute plant does not require free oxygen in order to develop to do its 
deadly work. It is unable to persist in superficial wounds because of the 
presence of oxygen. Many parasites are anaerobes. 

II. Growth in Plants 

The first problem that presents itself to the young embryo is the 
problem of growth. Plants grow in two ways, in length and in breadth. 
Growth is not a simple problem, however, since it involves far more than 
the mere increase in size or in weight. As is well known, a bean seed can 
increase in size and weight in a very short time by the absorption of water, 
but this process is not growth. Growth is irreversible; i.^., the plant 
cannot “return” to its original condition. Growth takes place through 
the activity of protoplasm; it can occur in no other way. True growth is, 
therefore, possible only in living things. A crystal or snowball may 
increase in size by the addition of layers on the outside j(accretion), but 
this is not growth in the sense in which a plant grows, because these added 
layers may be taken off; i,e., growth in this case is reversible. 

Growth is usually measured by determining the increase in size or 
weight. Growth occurs in two ways: (1) by the increase in the size of cells 
already present and (2) by increase in the number of cells through cell 
division (page 35). In the first case, true growth occurs‘by the addition 
of new protoplasm to that already present in the cells: growth by intus¬ 
susception, After the cells have increased in numbers, they increase in size 
by the building up of more protoplasm. 

A. External Factors Affecting Growth.—Many factors affect growth. 
They may be external factors in the environment. These external factors, 
to be effective, must rest on the effect they may have on internal factors. 
Same important external factors are temperature, moisture, type of soil, 
and supply of carbon dioxide, inorganic salts, and oxygen. 
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B* Internal Factors Affecting Growth. —Factors in growth may also 
be internal. Briefly, it may be said that a plant is tall or short because its 
parents were tall or short; in other words, its heredity determines its 
potentialities. Many factors may affect the plant in spite of its inheritance. 
There may be minute quantities of substances, vitamins and hormones, 
that are capable of producing profound physiological effects (pages 
618 - 626 ). Then there is the question of general ludritional balance^ i.e., 
the proper proportion of foods, and, finally, the correlation of plant 
parts. As is well known, the removal of a part of a plant affects the 
growth of other parts. For example, removal of the terminal bud will 
stimulate the growth of lateral buds, etc. But whether the factors are 
internal or external, one factor cannot be separated from the other. The 
factors work together. 

Questions 

1. Discuss the two phases of metabolism in plants. 

2. How are proteins and fats synthesized in plants? 

3. Why are proteins necessary for construction of living substance in the plant? 

4. W’hat are some events that must take place before foods can be assinnlaled in plants? 
Why is starch a more suitable form than sugar for storage of carbohydrates? How are 
starches changed back to sugars before digestion? Is the action reversible? Explain. 

6. Why are enzymes called catalysts? Name some plant enzymes. Is a specific enzyme 
capable of changing more than one substance? 

6. Where does digestion take place in plants? 

7. Do all substances yield the same amount of energy upon digestion ? Explain. 

8 . Compare aerobic and anaerobic respiration. What is fermentation ? 

9. What are some plants that do not need free oxygen? 

10. How does an insectivorous plant like the VenusVflytrap digest its food? 

11. How is it possible for delicate Fungi to penetrate woody tissues? 

12. Why are young vegetables like corn, peas, and parsnips sweeter when young than when 
mature? 

13. How does the plant get energy for photosynthesis? For carrying on the processes of 
metabolism? 

14. Why is an excretory system, such as is found in animals, not necessary for plants? 

16. Why do plants grow better in unglazed pots? 

Sussested References 

Milleb, E. C.: “Plant Physiology,” Chaps. VII-IX, The McGraw-Hill Book Company, 
Inc., 1938. 



CHAPTER XIII 


FLOWERS, FRUITS, SEEDS, AND SEEDLINGS 


Flower in the crannied wall 
I pick you out of the crannies, 

I hold you here, root and all, in my hand 
Little flower—but if I could understand 
What you are, root and all, and all in all, 

I should know what God and man is. 

- -Tennyson. 

Flowers are among the most beautiful objects in nature. They are 
specialized branches of the shoot concerned with reproduction of the 
plant. The vegetative structures and activities of the plant center around 
the root, the stem, the leaves; the reproductive structures and activities 
center around the flower, fruit, and seed. It has been pointed out that the 
vegetative parts of the plant carry on the activities essential to the life 
of the individual plants. But the individuals, even the long-lived trees, 
eventually die, and means must be provided for reproduction. 

There are two types of reproduction, asexual and sexual. Asexual, 
or vegetative reproduction, occurs when a part of the plant, a branch, 
root, rosette, leaf, or other part will produce new plants when separated 
from the parent; sexual reproduction occurs when two special bodies, 
the gametes (Gr. gamos, marriage) unite and from this union a new indi¬ 
vidual arises. It is in the flowers of the higher plants that these gametes 
are produced. Flowers are concerned, then, with sexual reproduction. 
From the fertilized egg cell will develop the seeds that are constructed for 
certain definite purposes in the life history of the plant. How they origi¬ 
nate, how they are dispersed over the earth, and how the young plant 
develops from them are fascinating subjects. 

L The Flower 

A* The Flower and Flower Cluster.—^The flower is a shoot specialized 
for a particular purpose. In this specialized shoot, pollination and 
fertilization lead to the production of seeds. Flowers are usually thought 
of as the familiar, brightly colored blooms that are enjoyed in the fields 
and gardens and as decorations at home. But many plants such as grasses, 
poplars, etc. possess flowers that are inconspicuous, yet these are true 
flowers for all that. 
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It has been seen that leaves are arranged on stems according to a 
definite plan; so, too, flowers exhibit definite types of arrangement. 
Figure 105 shows some of the types of flower clusters. As an aid to 
identification, it is desirable to know something of the types of arrange¬ 
ment. Botanical keys describe flowers as solitary or having the arrange¬ 
ment of a head or other type of cluster. 

1. The Parts of a Flower. —Aside from knowing something about 
the organization that exists in the make-up of a flower cluster, a knowl- 



Fig. 105.—Dia$ram showins the arrensement of flowers in the most common types of 
inflorescence. (A) Raceme; (B) spike; (C) head; (D) umbel; (E) corymb; (F) cyme; (G) 
panicle. (From Sinnott, Botany, Principles and Problems.) 

edge of the parts of a flower is useful in determining new species. Botanical 
keys use a description of parts of a flower as one means of identification of 
plants. 

Figure 106 represents a complete analysis of the parts of a flax flower. 
This,flower was chosen because all its parts are present. 

a. The Calyx and Sepals ,—Beginning with the outside of the flower, 
it is observed that the “cup” or calyx (Gr. kalyXy a cup), is usually, but 
not always, colored green. In the tulip, for example, the calyx has the 
same color as the petals. The separate parts of the calyx are leaf-like; 
these are called sepals (Gr. skepe^ a covering). In the bud stages, the calyx 
may completely enclose the flower. 
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b. The Receptacle ,—The top of the flower stalk is the receptacle, 

c. Corolla and Petals ,—Next to the calyx is the corolla (diminutive 
of corona, crown). This is the brightly colored part of the flower with 
which everyone is familiar. But the conspicuous part of the flower may 
not be the petals of the corolla but may consist of modified leaves, as in 
the dogwood. The flowers of the dogwood are the small inconspicuous 
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Fis. 106.—(A) Flax plant (Linum). (B) Vertical section ol the flax flower showing the 
relation of the floral parts to each other. (C to G) The floral organs. (H to L) The parts of a 
flower. (L. Runyon.) 


structures in the center. Odors of flowers may be due to special secretion 
cells of the petals or other parts. If nectar glands are present, they are 
often at the base of the petals. Flower colors and odors may attract insects 
that effect pollination, 

d. The Perianth ,—The sepals and petals (or the sepals alone) make 
up the floral envelope, or perianth (Gr. peri, around; anthos, flower). The 
perianth parts are not necessary to seed formation and so are sometimes 
spoken of as accessory flower parts. 

e. The Stamens ,—^Just inside the perianth are the stamens (Gr. 
stemm, warp or thread). Each stamen possesses a filament (L. filare, to 
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spin) at the top of which is an anther (Gr. anthosy flower); inside the anther 
are the pollen grains (L. polleny fine dust); these are also known as micro¬ 
spores (Gr. mikroSy small; spora, seed). 

/. The Pistil ,—Inside the circle of the stamens is the pistil (L. pis- 
tilumy a pestle), which is made up of one or more carpels (Gr. karposn 
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Fig. 107.—Typ«s of flowors. The petals in the corolla of the trillium are separate while those 
of the morning-slory are fused together. The sweet pea is irregular. (L. Runyon.) 


fruit). At the base of the pistil is the ovary (1^. ovuniy egg), and inside that 
is the ovule. The egg, surrounded by the embryo sac, is inside the ovule 
(Fig. 110). The style extends upward from the ovary, and the stigma is 
on top of the style. 



Fig. 108.—Relation of flower parts to each other. There is a wide variation in the relation* 
ship of the parts of flowers to each other. (A) Superior ovary. (B) Half-inferior ovary. (C) 
inferior ovary. (Redrawn by L. Runyon from Gray, School and Field Botany, The American 
Book Company.) 


Each flower has a definite role to play in ix)llination, fertilization, 
or other reproductive processes of the plant that lead to the formation of 
seeds. 

%, Relation of the Parts of a Flower to Each Other. —Great 
variation exists among plants with respect to these parts as well as the 
way they are related to each other. In Fig. 108, three distinct types of 
ovaries are illustrated: (1) superior, (2) inferior, (8) half inferior ovaries. 
In TriUiurn^ the petab are separate; in the morning-glory, they are fused 
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together; in the sweet pea, the flower is irregular (Fig. 107). In Fig. 108, 
it can be seen that in the flowers of flax, cherry, and cranberry diflferent 
arrangements exist in the relations of the parts to one another. An ovary 
entirely free from the calyx is called a superior ovary (Fig. 108^1); if the 
receptacle encloses, and is fused with, the ovary and the floral parts appear 
to be above the ovary, it is said to be an inferior ovary (Fig. 108C). The 
type halfway between these two is a half inferior ovary (Fig. 108fi). 



♦ B 


Fig. 109.—(A) Corn tassel. The male or staminate flowers are produced in the tassel 
which is a panicle at the top of the com stalk. (Courtesy of Hastinss Seed Company.) (B) 
Young ear of corn. The husks are removed to show the development of the silk from the tip 
of each ovary. Each silk must receive pollen If the corn grain to which it is attached is to 
develop. (From the Yearbook, U.S. Department of Agriculture, 1936.) 

3. Types of Flowers, a. Complete and Incomplete Flowers, —If a 
flower contains all four sets of organs—t.e., calyx, corolla, stamens, and 
pistil—it is said to be complete. If any one of these sets is lacking, the 
flower is said to be incomplete. If the petals are lacking, the flower is said 
to be apetalous. In the Clematis^ the petals are lacking, but the sepals have 
become colored and resemble the petals. If the sepals are lacking, it is 
designated asepalous. Sometimes both are lacking, as in the blue ash. 

b. Perfect and Imperfect Flowers, —Two other terms, perfect and 
imperfect, are often used. A perfect flower is one that has both stamens 
and pistils. It makes no difference whether the other organs are present or 
not, because the flower is perfect so far as structures necessary for 
reproduction are concerned. An imperfect flower is one that lacks either 






164 


filOLCdV: TM£ SCItNCE OF LIFE 


stamens or a pistil. All complete flowers are perfect, but incomplete flowers 
may be either perfect or imperfect. A good example of an imperfect flower 
is that of the holly plant. Certain holly trees bear flowers with stamens 
(staminate) but no pistils, and other trees bear flowers with pistils but 
no stamens. The Begonia may possess both pistillate flowers and staminate 
flowers on the same plant. This is also true of the corn plant, where the 
staminate flowers occur on the tassel and the pistillate flowers are borne 
on what becomes the ear (Fig. 109). 



Fis. 110.—Diagram to Illustrate cross- and self-pollination in flowers. (B. F. Edwards.) 


4. Pollination. —Pollen is the yellow, dust-like material shed from 
the anther. Under the microscope, it is seen to consist of multitudes of 
granules that may vary greatly in size and shape. The transfer of the 
pollen to the stigma of the pistil is called pollination (Fig. 110). 

a. Agencies for Cross-pollination ,—Pollen may be carried to the 
flower by the wind or by insects or by other animals. Hummingbirds 
transfer pollen from flower to flower as they visit them in search of nectar. 
Bees seek nectar and pollen from flowers. From the nectar they make 
honey; the pollen they use as food for the larvae, which will later develop 
into bees. While they are about their own business of collecting nectar 
and pollen, the pollen sticks to various parts of their bodies and is 
‘Musted on” the stigmas that they happen to touch. Plants possess a 
great variety of devices for attracting insect visitors and thus securing 
cross-pollination. It is a question whether insects can distinguish bright 
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colors or not, but they are attracted by nectar. Some insects visit flowers 
to deposit their eggs. 



Fis* 111.—Pollination of the yucca flower by the Pronuba moth. (C. Clarke.) 



Fig. 112.—Catkins, or ttaminate flowert of the pecan tree. When the catkins are shaken by the 
wind, the mature pollen falls out and may be carried some distance. 

The story of the relation of the Pronuba moth to the fertilization of 
the yucca plant is extremely interesting. The moth gathers some pollen 
from a flower and holds it under her head (Fig. 111). She then goes to 
another flower and pierces the ovary with her ovipositor and deposits an 
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egg. Then, mounting to the top of the stigma, she forces some of the 
pollen she has brought with her into the tube of the stigma. The yucca 
flower is pollinated in no other way, and the race of yucca plants would 
soon die out if it were not for this little moth. 

Plants whose pollen is carried by the wind produce great quantities 
of pollen. In some types, such as pecans, oaks, etc., the catkins swing 
about in the breezes and broadcast their pollen far and wide (Fig. 112). 



Fis. 113.—The violeL serial and cleistosamous flowers. Cleistogamous flowers may be 
subterranean and colorless and may appear some time after the aerial flowers. Since they 
never open, cross pollination is impossible. (L. Runyon.) 

In the spring, when the pollen is ripe, under these trees the ground is 
yellow with the pollen shed from their catkins. 

6. Self- or Close Pollination, —Cross-pollination is not universal. 
Figure 110 shows that a plant may receive pollen from its own anthers. 
This is, as the name implies, self-pollination. The garden pea is normally 
self-pollinated. Some flowers guard against cross-pollination by remaining 
always closed. This is true of one type of violet (Fig. 113). Some plants 
bear two types of flowers (many violets), the usual type that is cross- 
pollinated and another type that never opens [cleistogamous (Gr. kleistos^ 
closed; gamos, marriage)]. 

5. Fektilization. —As soon as the pollen falls on the stigma, it is 
stimulated to germinate and sends a tube down into the ovary. Examina¬ 
tion of Fig. 114 shows that several pollen grains have germinated but 
that only one tube has reached the ovary. In the same figure, the location 
of an egg in the embryo sac may be seen. B of the same figure shows the 
pollen tube, after it has developed, containing two sperm nuclei. One of 
these will fuse with the egg to form the fertilized egg, or zygote (page 
167), and from this will develop the embryo. The other will fuse with the 
two polar nuclei, so called because they have come from the ends or poles 
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of the embryo sac. From this fusion nucleus, by repeated divisions, is 
formed a mass of tissue known as the endosperm. The function of the 
endosperm is the nourishment of the young embryo and the seedling 
in the early stages. These are the events ol fertilization. Fertilization is 
an orderly process and has far-reaching consequences. Each step prepares 



Fig. 114.—(A) Fertilization. Diagram of a flower showing method of fertilization of the 
egg. In the figure, several pollen grains have germinated but only one has reached the egg. 
(B) Pollen grain that has germinated. (L. Runyon.) 

the way for the next event. There are fundamental similarities in the 
steps of fertilization common to all types of sexually reproducing organ¬ 
isms. The differences are merely details and interesting variations 
exhibited by different species. 

II. Fruits 

A. What a Fruit Is. —Sometimes to a layman a fruit means only the 
fleshy fruits one buys in the market. To a botanist, however, the word 
fruU has a different meaning. The fruit contains the seeds. A simple fruit 
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is a ripened ovary and its contents. Sometimes other parts of the flower 
develop into parts of the fruit as well. A good example is the apple (Fig. 
115^). Here the base of the receptacle grows up around the ovary, and 
the juicy apple pulp that is good to eat is developed from this. The five- 
celled ovary and the ovary wall can be seen in an apple that has been cut. 
Various other parts of the flower may enter into the development of 
a fruit. 

The place of attachment of the ovules to the ovary is known as the 
'placenta. As shown in Fig. 116, there are various types of placentae. 



Fig. 115.—Some types of fleshy fruits. (B. Shamos.) 


B. Types of Fruits.—There are so many kinds of fruits that it will be 
impossible to mention all of them here. However, there are two principal 
kinds, dry and fleshy, and the nut and apple represent these two groups. 
In the nut, the ovary wall, which, when mature, is called the pericarp^ is 
dry; in the apple it is not dry but fleshy. 

1. Dry Fruits. —There are many varieties of these included in two 
divisions, those that split their walls when mature, or dehiscent fruits, 
and those that do not, indehiscent fruits. 

a. Dehiscent Fruits .—These include several characteristic types. 

(1) The legume. —One of the most characteristic dry fruits is the 
legume of the pea family. This develops from a simple pistil, and, when 
mature, it opens along both dorsal and ventral sutures (Fig. 117C). 

(2) The follicle. —The follicle develops from a single carpel and 
when mature dehisces along one suture. Examples are the larkspur and 
the milkweed fruits. 
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(3) The capsule. —^This is a type that develops from a compound 
ovary with two or more carpels, each containing several seeds when 
mature, as in the capsules of the Jimson weed {Datura) (Fig. 117-4), 
the violet (Fig. 117JB), and the poppy (Fig. 118/?). 

ABC 

Fis. 116.—^Types of placentation. (A) axile. (B) Parietal. (C) Central. (D) Free central 
(From Sinnott, Botany, Principles and Problems.) 

6. Indehiscent Fruits. (1) The akenes are small one-seeded fruits, 
cliaracteristic of the sunflower, dandelion (Fig. 118C), and other plants. 

(2) Grains. —These are much like the akenes, except that the seed 
coat is fused with that of the ovary wall characteristic of the grass family. 




Fig. 117.-^Seed dispersal. Some seeds are scattered by the action of the seeds themselves. 

(B. Shamos.) 


(3) Key fruit or the samara. —This is an akene-like fruit that is 
winged. Sometimes it is one-seeded, as elm and ash (Fig. 118JS and F) or 
two-seeded, as the maple (Fig. 118G). 

(4) ScHizocARPs are characteristic of the carrot family. This fruit 
develops from a bicarpellary ovary, and, when mature, each of the two 
one-seeded indehiscent carpels separates from the common partition. 

(5) The nuts. —The nut is a hard-shelled fruit formed from the 
entire ovary. Figure 119 shows various types of nuts. 

2. Fleshy Fruits. —These may be simple, aggregate, or multiple, 
according to the method of origin. 

a. Simple fleshy fruits are so named because they develop from a 
single ovary and with, or without, certain other parts of the flower. 
Figure 116 illustrates various types of fleshy fruits. 
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(1) The DRUPEi OB stone fruit (Fig. 115^1).—Examples of these 
are peaches and pears. The outside of the fruit is fleshy; on the inside is 
found the familiar peach “stone,” in the case of the peach. T^e seed is 
inside the “stone.” Other examples are the cherry and the olive. 



Fig. 118.—Seed dispersal. Some types of seeds scattered or transported by the wind. 

(B. Shamos.) 

(2) The berry. —Many fruits called berries are not true berries. 
Cranberries and gooseberries are true berries, and the tomato, grape, and 
many others belong to this group. The cucumber is a modified berry 
called a pepo (Fig. 115C). It has a hard outer rind. The orange is also a 



Fig. 119.—Nut fruits. (A) Hickory nut with its four bracts. (B) Acorn with cup formed 
from many bracts. (C) Chestnut, with a bristly bur which corresponds to the cup of the acorn. 
(B. Shamos.) 

modified berry with a leathery rind, easily separable from the rest of the 
fruit. It is called a hesperidum, 

(3) The pome (Fig. 115J5). —As has been said, the apple is a familiar 
example of this type of fruit. In this case, the much enlarged receptacle 
surrounds the ovary and forms the fleshy part of the fruit. 
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6. Aggregate Fruits, —Examples of these are the raspberries and the 
blackberries (Fig. 115F). They are formed by the ripening of a number of 
separate pistils, all belonging to a single flower. 

c. Accessory Fruits. —An accessory fruit is one in which the larger 
part of the fruit does not develop from the ovary. This is the case in the 
apple {'pome) and the strawberry (Fig. 115Z)). 

d. Multiple Fruits. —These are developed from several, or many, 
flowers united in compact inflorescence, the whole forming a single 
fleshy mass. One example is the pineapple (Fig. 115/f). Each of the units 
on the surface of the pineapple represents a separate flower. There are 
no seeds in pineapple fruits. Other examples arc the mulberry and the 

fig- 

3. Functions of Fruits." —Fruits have two important functions: (1) 
to protect the developing seed and (2) to aid in seed dispersal. 

Hi. Seeds 

A. The Development of a Seed.—After the egg has been fertilized, 
the petals and stamens of the flower often drop off. But inside the ovule, 
great changes now take place. The forerunner of the future plant, the 
embryo, must develop from the fertilized egg. And in order that the 
embryo may obtain nourishment until it becomes a self-supporting 
plant, food must be manufactured and stored up for the future. The 
endosperm is formed from the endosperm nucleus, and the food for the 
embryo comes from the endosperm and the mother plant. In some cases, 
the endosperm is used up before the maturing of the seed, as in the bean. 
In this case, food for the embryo is stored in the embryo itself. Or the 
endosperm may be wrapped around the embryo, as in the corn. 

The outside of the ovule changes into a hard coat, the “seed coat.” 
Thus the ovule is transformed into a seed that stops growing until condi¬ 
tions are proper for its further development. If either peas or beans are 
soaked for a while, the seed coat can be removed easily. It is then readily 
observed that the seed contains only one structure, the embryo. Most of 
the food in this case is in the cotyledons. 

B. Seed Dispersal.—Seeds must obviously find a favorable place for 
germination and for the growth of the plant. Many curious modifications 
are present in the structure of seeds and fruits that aid in their dispersal. 
In addition to this, various agencies take part in scattering seeds and 
fruits over the earth. 

1. Agencies fou Seed Dispersal, a. Wind, Water, Ariirnals .— 
The two principal agencies are wind and animals, although water is also 
of considerable importance. Animals aid in seed dispersal by eating fleshy 
fruits but not the seeds or by eating the seeds themselves, which may pass 
through the digestive tract unharmed. In certain places where birds come 
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to rest such as fence rows, a variety of plants spring up that grow fr 

debited th,« in bird dropping., Soed. am ntten ta* 

toS^on U» («t o! bird., ^.peeiJly »« a>o.e ot wad.ng »d w.to 

birds. 



Flo. ISO.— OisWbuUon of froito by animals. Hooks, J**'"' *j''»** 
them to stick to any passing obicct. (B. F. Edwaias.J 


lemc fruits cause 


b. Special Pmces.-Figures 117. 118, 120, and 121 illustrate vanous 
devices that enable the seed to “get around.” These me ude structures 
that enable the seed to float (dandelion and cotton seeds), the^ para- 
chute ” principle employed by the ash, maple, or Imden. and the sifter 
principle of the poppy fruit. In the poppy capsule, open pores are present 
at the top when the fruit is ripe; the wind shakes the capsule, and the 
minute seeds “sift” out. In Fig. 120, hairs, hooks, and barbs may be seen 
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that enable certain kinds of seeds or fruits to stick to passing animals, 
including man, that may chance to brush against them. Interesting struc¬ 
tures are produced by certain water plants that enable their seeds to float 
on or near the surface for long distances. Coconuts are light because of the 
air they contain (Fig. 121). The material of which the husk is composed 
is said to be resistant to salt water. Also, in Fig. 121, the curious ‘‘raft” 
of the lotus plant may be seen. 

c. Dispersal of Seeds by the Action of the Fruits .—^Figure 117 gives some 
idea of the “explosive'’ action of fruits. Various fruits open with such 
force as to scatter the seeds far and wide. The “squirting cucumber,” 
for example, “shoots” its seeds into the air. When the cucumber is ripe, 
it drops from the stem, and the seeds are forcibly ejected through the place 



Fig. 121.—Distribution of fruits by water. Fruits of this kind have various devices which 
adapt them to float in water, (Redrawn by B. Shamos from GanonS/ A Textbook of Botany, 
The Macmillan Company.) 


formerly “plugged” by the stem (Fig. 117/)). Only a few of the various 
types of structures that aid in the dispersal of fruits and seeds have been 
mentioned. Many other methods occur by which seeds “find their way 
around.” Many of these ways may be observed on walks through the 
woods. 

C. How Seeds Wake Up—Germination.—As has been said, a fully 
developed seed remains dormant until conditions are favorable for it to 
develop further. The embryo is already present in the seed together with a 
certain amount of stored food (endosperm) for its use. 

1. Time Necessary for Germination. —Some seeds will not 
germinate until they have passed through a “rest period.” This is 
particularly true of wild seeds. On the other hand, some seeds will 
germinate as soon as they become mature, even without waiting to be 
planted. Some of the cereals, such as wheat, oats, etc., will germinate in 
the shocks in the fields if the weather is very wet and thus ruin the crop. 
The germination of seeds as soon as they are mature is characteristic of 
many cultivated plants. This has probably resulted from the fact that man 
has selected for his use plants whose seeds germinate readily. 
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Sometimes seeds will not develop for a time even when conditions 
that favor germination are present. This may be due to the character of 
the seed coat, which may not be permeable to water or oxygen, both of 
which the seed must have. In nature, freezing or the action of bacteria 
and of other plants may aid in cracking or destroying the seed coat, 
thereby making it more porous. Another cause of delayed germination is 
the condition of the embryo itself, which may not be mature when the 
seed is ripe or may require certain chemical changes before it germinates. 
The dormancy of seeds may also be prolonged by external conditions, 
such as temperature and dryness. 

2. Conditions Necessary for Germination, a. IFaler must be 
absorbed in great quantities before germination takes place, yet there 
must not be too much water, since that would exclude the oxygen. 

b. Oxygen is necessary for respiration. All living things respire; 
i.e,y oxygen is taken in and used in oxidation, and carbon dioxide and 
water are given off. Oxygen is thus needed for the “burning,” or oxida¬ 
tion, of the food. In the process, energy is liberated in addition to 
carbon dioxide and water. A simple experiment will illustrate the giving 
off of carbon dioxide and heat that represents excess respiratory energy. 
A small beaker of lime water is placed in a vessel containing germinating 
seeds. After a time, the lime water will become milky, showing that the 
carbon dioxide has entered into a chemical reaction: 

Ca(0H)2 + CO 2 CaCOs + H 2 O 

calcium hydroxide carbon calcium water 

(lime water) dioxide carbonate 

The milky precipitate is calcium carbonate. If a thermometer is placed 
in a bottle containing germinating seeds, it will register a rise in the 
temperature. If seeds are buried too deeply in the soil, they will not 
germinate because of lack of oxygen. 

c. Temperature .—The third factor necessary for the germination of 
seeds is a proper temperature. Seeds vary in their requirements in this 
respect, as they do in everything else, but the majority react most favor¬ 
ably in temperatures ranging from 25 to 30*^0. 

3. Length of Life of Seedb. —Seeds vary greatly in length of life. 
Experiments have been conducted that prove that some seeds will 
germinate after a hundred years, but most seeds cease to live after a few 
years. The stories of seeds supposed to have germinated after being in 
the tombs of Egyptian mummies for thousands of years appear to be 
untrue. 

iV. The Seedling 

It has been observed that the germination of a seed involves processes 
that are very complex; water is absorbed, digestion of stored food begins, 
and the seed increases greatly in size. 



SEEDS AND SEEDLINGS 


175 


A.mLJ^SSS 





Fis. 122.—^Thc sermination of a bean seed. (B. Shamos.) 



Fig. 123.-—The pee teedlins. The cotyledoni do not rise above the ground line. (B. Shamos.) 
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A. Growth of Embryo and Seedling. 1. Changes in the Stored 
Food. —Before, the young plant comes out of the seed, even partially, 
many changes must take place within. The food, mentioned so often, is 




Fis. 124.—The development of the castor bean. The cotyledons of the castor bean become 

Sreen. (B. Shamos.) 


usually stored by the plant in the form of starch. Starch is a remarkable 
substance that possesses many qualities enabling it to serve the plant 
efficiently. Energy must be reserved, and starch is a compact substance. 
in which it may be stored. But starch is practically insoluble; hence it 
must be converted into a soluble form before it can be utilized by the 
embryo; in other words, it must be digested. This is made possible by 
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enzymes that, as has been said, are substances produced in living cells 
(page 23). Minute quantities of enzymes can do a great deal of work; 
they bring about the changing of starch to sugar without being used up 
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Fig. 1S5.—Stages in the development of the com seedling. (B. Shamos.) 


themselves. The special enzyme in plants that changes starch to sugar is 
diastase. Diastase is said to be a combination of several enzymes. 

2. The Young Seedling, a. The Radicle ,—The first structure to 
appear outside the seed is the radicle (L. radicular dim. of radixy root) or 
root (Fig. 122). This radicle is one of the fastest growing parts of the 
young plant. It thrusts itself into the soil and becomes the primary root. 
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As soon as it becomes established, it begins to branch out and to take in 
mineral salts and water from the soil. These are transferred through the 
beginnings of the vascular system to the other developing parts of the 
young plant. 

h. The Cotyledons and the Foliage Leaves, —As already pointed out, 
in some plants, such as the bean and pea, food is stored in the cotyledons. 
The two cotyledons of the bean “pull” out of the old seed coat and are 
lifted above the ground (Fig. 122); in the case of the pea, the cotyledons 
remain under the surface of the soil (Fig. 128). The next thing that 
happens is the appearance of the plumule (L. dim. of pluma, a feather) 
or bud. The plumule is the part of the young plant above the cotyledons. 
It is a bud, consisting of leaves and a stem. After the cotyledons are 
lifted above the ground, they become somewhat green, as in the bean and 
castor bean (Fig. 124), but, in all cases, they eventually shrivel and 
drop off. Foliage leaves develop in the meantime, and the plant can now 
manufacture its own food, being no longer dependent on food in the seed. 
Up to the time when the foliage leaves develop, the plant must depend for 
nourishment upon the food stored in the seed. 

Young corn seedlings develop differently on account of the way 
food is stored in the corn grains and because they are monoeots and 
possess, therefore, only one cotyledon (Fig. 125). When a corn grain 
germinates, the future root, or radicle, appears first as in the bean, but 
the one cotyledon never leaves grain or seed. It acts as an absorbing organ, 
since it is closely applied to the food around the embryo (contained in the 
endosperm). 

Questions 

1. Are the relations of the parts of a flower to each other the same in all types of flowers? 

2. Aside from general interest, what useful purpose is served in knowing types of flowers 
and the relationship of flower parts to each other? 

3. What parts of a flower arc essential for reproduction ? 

4. What is a perfect flower? An imperfect flower? Do you think these are good names? 
Explain why an incomplete flower may be a perfect flower. 

6. What is the most common color for flowers that bloom at night ? 

6. Define: sepal; petal; stamen; ovary; placenta; stigma; style; calyx; corolla; pistil; 
receptacle. 

7. What are some of the differences between a dicot and a monocot flower? 

8. Are the showy parts of a dogwood or poinsettia flower petals ? Explain. 

9. Compare sexual and asexual reproduction in plants. Name the types of asexual 
reproduction. 

10. What advantages and disadvantages are there in wind pollination? 

11. What are the advantages and the disadvantages of insect pollination? 

12. Do you know any flowers constructed to receive some types of insect visitors and not 
others? 

13« How do some flowers provide for cross-pollination? Self-pollination? What is the usual 
method? Do any flowers guard against cross-pollination? Self-pollination? Give a 
“running account*’ of fertili 2 ation. What are some consequences of fertilisation? 
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14. What parts of a flower develop into the fruit? 

15. IIow would you distinguish between a fruit and a seed? 

16. The grape, currant, and tomato are berries. The orange, cucumber, squash, and melon 
are modified berries. What features do they all have in common? 

17. How are seeds dispersed? 

18. Give examples of various structures that aid in seed dispersal. 

19. How is seed dispersal accomplished by various types of plants? 

20. Why do you think that weeds are able to maintain themselves so well ? 

21. How do you know that seeds are alive? 

22. Is the dormant period of seeds of value to the plant? Explain. At what season of the 
year do most seeds ripen? What are some of the reasons why some seeds have a dormant 
period and others do not? 

23. What common plants are self-pollinated? Are there any advantages in this type of 
fertilizat ion ? Disadvantages ? 

24. W^hat are some advantages and disadvantages in cross-pollination? 

26. Explain why, if the stamens are removed from some flowers as soon as the bud opens, 
the flower may remain in bloom longer? 

26. Give a full account of fertilization of a flower. Include in your account a statement of 
the role of each part of the flow'er. 

27. What is a fruit? 

28. (Jive examples not mentioned in the list of the following: capsule, pod, achene, nut, 
grain, berry, pepo, drupe, pome. 

29. Name some common types of seed dispersal, giving examples. 

30. W’hy is it an advantage to the dandelion for it s flower stalks to elongate after the seeds 
arc ripe? 

31. Cracking or chipping the shell of a hard .seed or fruit often hastens its germination when 
the seed is planted. Why? 

32. W^hat arc the parts of a mature seed? W^hat types of food may be found stored in seeds? 
How is this food used? What part of the seed develops into the new plant? 

33. Where is the food stored in the seeds of the bean? In the seeds of corn? Of castor bean? 

34. Give an account of how’ seeds “w'ake up” or germinate. What are some necessary 
factors for this awakening? IIow is the stored food made available to the young plant? 

36. A cold, wet spring causes planted seeds to rot. Why ? 

36. Compare the early development of the young seedlings of the bean, the pea, and the 
eastor bean. To what conditions in the seed are these differences in development due? 
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B. THE PLANT GROUPS; MORPHOLOGY AND 
PHYSIOLOGY OF REPRESENTATIVE TYPES 

CHAPTER XIV 

THE SIMPLEST PLANTS; THALLOPHYTA 


To the true scientist, there is no natural object 
Tniniportant or trifling. From the least of 
Nature’s work he may learn the greatest lessons. 

—Sill John IIkrschel. 

I. The Thallus Plants, Thallophyta 

The thallophytes include the smallest and simj)lest plants, and some 
of these are the most important of all plants. They are the bacteria, 
several types of Algae, diatoms, yeasts, molds, mushrooms, rusts, slime 
molds, and lichens. All these plants are interesting in themselv^es alone, 
but many of them serve as food for man or are related more or less 
intimately to the formation of food stuffs with which man is concerned. 
Some of them are poisonous, and others are the agents responsible for 
devastating diseases in man and animals as well as in other plants. 

A, Classification.—The thallophytes arc divided into two great 
divisions, or subphyla, one with chlorophyll, the Algae, and one without 
chlorophyll, the Fungi. 

Phylum. Thalloph 3 rta (Gr. ihallos^ young shoot; phytori, plant). Plants without roots, stems 

or leaves. Plant body is called a thaUus, 

Subphylum A, Algae (L. alga^ seaweed). Thallus plants that contain chlorophyll. 

Class I. Myxophyceae (Gr. myxa, slime; phykosy seaweed), or Cyanophyceae (Gr. 
cyanosy a dark blue substance; phykos). The blue-green Algae. Probably the most 
primitive of plants; no distinct nucleus; plant body may be single-celled or of cells 
adhering to form masses or filaments; Gleocapsay Oscillatoria (Fig. 126). 

Class II. Chlobophyceae (Gr. chlorosy green; phykos). The green Algae. Cells have 
definite nuclei; single cells or cells adhering to form masses or filaments; Protococcus 
Spirogyroy UlothriXy Vauchcria (Figs. 127 and 128). 

Class III. Phabophyceae (Gr. phaios^ brown; pykos). The brown marine Algae. 
May become very large as Laminaria (160 ft.); no single-celled type known; Fucus 
(Pig. 129). 

Class IV. Rhodophyceae (Gr. rhodon, rose; phykos). The red seaweed. Mostly 
marine; body is multicellular and may be simple or feathery; Polysiphonia* 

Class V. Bacillariaceae (L, bacillum, a small rod) or Diatomaceae (Gr. diy two; 
tome, to cut). Classification uncertain; often included in other groups of Algae; 
plants have two similar parts or valves; silica present in plant body; the diatoms 
(Fig. 180). 
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Subphylum B, Fungi (L. fungus, a mushroom). Plants without chlorophyll. 

Class I. ScHizoMYCETEs ((ir. srhizein, to split; mycriosy Fungus). Classification uncer¬ 
tain; exhibit both plant and animal characteristics; fission l^ingi include bacteria 
(Fig. 131). 

Class II. Myxomycetes. (Gr. rnyxa, slime; mycetos. Fungus). The slime molds. Classifi¬ 
cation uncertain; plant body a mass of protoplasm containing nuclei but not divided 
into cells; a plasnwdium; slime molds (Fig. 140). 

(dass III. Phycomycetes (Gr. phylcos, seaweed; mycefos, fungus). Alga-like Fungi. 
Plant body without cross walls and consisting of fine filaments (hyphae) that are 
multinucleate, without cross walls, V.v., not divided into cells; bread mold, {Rhizopus 
nigricans. Fig. 134); the downy mildews, the water molds. 

(dass IV^ AsroMYcETES (Gr. askos, bladder; mycetos, fungus). The sac Fungi. Spores 
arc produced in a sac (ascus); largest group of the Fungi; yeasts, powdery mildews, 
cup Fungi, the fungal component of most Lichens. 

( lass V. 15A8iDioMy(’i:TE8 {ij. basidium, a club; mycetos, fungus). The club Fungi. 
Spores grow in club-shaped body called a hasidium; mushrooms, pufifballs, rusts, and 
shelf Fungi (Tig. 138). 

(’lass VI. Impeheect Fungi. \ group whose relationships are uncertain. 



B. The Algae.—There are four great groups of the Algae, which are 
typically founti in water or damp situations. Some of them form the 
familiar green stains on trees, walls, and other damp places; others 
produce the scums on quiet waters or the felt-like growths that cover 
wet stones; still others are the seaweeds, green, brown, and red. 

1. The Blue-green Algae, Myxophyceae, are often called Cyano- 
phyceae. 

a. General Features .—These are simple plants with a' blue-green 
color. No nucleus is present in them, but chromatin grains are scattered 
through the cytoplasm. They may be single cells, like Gleocapsa (Fig. 
126 ^), or may be united into filaments, like OscUlatoria (Fig. 126 B). 
Many colonial types occur. 
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Since the blue-green Algae contain chlorophyll, they are able to 
manufacture their own food by the process of photosynthesis (page 140). 
Carbon dioxide is obtained from the water or from the air; a certain 
amount of carbon dioxide is dissolved in the water in which the plants 
grow. They also absorb water by osmosis (page 39). Reproduction is 
by asexual means only. 

ft. Gleocapsa. —In the unicellular forms, such as Gleocapsa, binary 
cell division is the method of multiplication. In Gleocap.m, the cells are 
surrounded by a gelatinous sheath that keeps them from drying out. 
Although each cell is a separate plant, the cells usually remain together 
after cell division and form loose colonies. 



ULOTHRIX ' OESMfOS 

Fi3. 127.—^Types of sreen algae. (L. Runyon.) 


c. OscUlatoria (L. oscillare, to swing).—A common representative of a 
filamentous type of blue-green alga is OscUlatoria, This plant gets its 
name from the fact that it moves in an oscillatory manner. A gelatinous 
sheath is present, as in Gleocapsa. It is interesting to note that the 
filamentous condition of OscUlatoria is due in part to the method of 
reproduction. Transverse division occurs, and the daughter cells remain 
attached end to end. The filaments often break, but the cells go on divid¬ 
ing, and the fragments broken off continue to grow in length. Another 
interesting feature ensures that the filament will break or fragfhent; 
certain of the cells die, thus creating a breaking point. Certain species 
of blue-green Algae form resting cells with heavy walls; these are fitted to 
withstand unfavorable conditions. 

d. Summary. —The blue-green Algae, then, are simple plants that live 
in water or in damp situations. They reproduce by asexual methods only 
i.^., by cell division, by fragmentation, and by the formation of resting 
cells. Although they are more complex than the bacteria, they are among 
the simplest plants. They sometimes pollute water supplies and cause 
disagreeable odors. This odor comes from certain oils in the plant body. 
Copper sulphate in very small quantities will kill these plants. 
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2. The Green Algae, Chlorophyceae. —This large group of plants 
is more varied than the preceding one. 

a. General Features .—In this group are one-celled forms such as 
ProtococcuSy sometimes called Pleurococcus (Fig. Filamentous 

forms, such as Spirogyra, and colonial forms, such as VolvoXy also occur. 
Green Algae have well defined nuclei and chloroplasts. Four examples 
will illustrate the advances in the complexity of the green Algae over the 
blue-green Algae. 

i. Protococcus (Gr. protoSy first; kokkuSy a grain, seed). This form is 
found on stone walls, fences, trees, and other damp places. Large numbers 
of these plants together produce a sort of green stain. It is a single-celled 




B 

Fis* 128.—(A) Filament of Spirogyra. The chloroplast that bears the chlorophyll is in the 
form of a spiral band. (B) Stases in the conjusation of Spirosyra. (L. Runyon.) 


plant, but the cells often remain together after dividing, giving the appear¬ 
ance of colonies. Since it reproduces by cell division only, it may be 
considered as a simple plant. 

c. Spirogyra (Gr. spirUy coil; gyrosy ring) (1) The plant body, Spiro- 
gyra is an example of a filamentous form. It is one of the common pond 
scums but nevertheless a very beautiful plant, as will be seen if it is 
examined under a microscope. Each chloroplast in Spirogyra is in the 
form of a spiral band (Fig. 128^4). The nucleus lies at about the center of 
the cell, and radiating from it are strands of cytoplasm. 

(2) Reproduction, (o) Asexual reproduction.—The cells divide in one 
direction only and so form filaments. These filaments often break at the 
junction of the cells, and thus multiplication of filaments occurs by 
fragmentation. 

(6) Conjugation.—Conjugation occurs in the following manner (Fig. 
128R). Two filaments lie side by side, touching at various points; short 
tubes grow out from cells that are opposite each other; these push the 
filaments apart, but the ends of the tubes remain attached together, and 
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the walls between them break down, thus leaving a pathway. The 
conjugation tube is formed in this way. The contents of one of the two 
cells migrate through the conjugation tube and fuse with the contents of 
the opposite cell. The migrating cell is considered the male and the 
stationary cells, the female. The single cell (zygote) produced by this 
union possesses a heavy wall and passes through a resting period before 
germinating and producing a new filament. In this way, the plants can 
survive periods during which conditions are unfavorable for growth, 

d. Ulothrix (Gr. oulos, woolly; trwhoe, hair).— (1) The plant body. 
This is another filamentous type that grows on stones to which it is 
attached by holdfast cells (Fig. 127//). This attaclimcnt enables the 
plant to grow in moving water without being washcfl away. 

(2) Reproduction, (a) Asexual.—The type of reproduction character¬ 
istic of this plant is more complex than that in Spirogyra, Asexual repro¬ 
duction takes place by the formation of zoospores. The protoplasm of 
certain cells in the filament divides from 2 to 32 times. The minute cells 
resulting from these divisions are called zoospores. These zoospores 
escape when the cell wall ruptures. Since they are provided with four 
flagella, they are able to swim about for a time; then they settle down, lose 
their flagella, and grow into a new plant. There arp two advantages in 
this type of reproduction: (1) increase in numbers and (2) a wide distri¬ 
bution due to the swimming ability of the zoospores. 

(6) Sexual.—Other cells in the filament of Ulothrix form reproductive 
cells (gametes) by repeated divisions of the cell contents. In this case, 
instead of 32 small bodies, 64 or more may be formed. These are smaller 
than the zoospores; each possesses two flagella. They escape from the 
cell in which they are formed but seem to be incapable of producing new 
filaments independently. Their fate is to fuse in pairs to form zygotes. 
After a period of rest, which usually lasts through the winter, each 
zygote divides to form four zoospores. A new plant develops from each 
zoospore. In this alga, there is no visible distinction between male and 
female gametes. 

e, Vaucheria (named for the Swiss botanist J. E. E. Vaucher).—This 
alga also exhibits a complicated sexual process of reproduction. It is 
mentioned here because of the formation of special side branches that are 
really sex organs, in which are differentiated sperm and eggs. The two 
kinds of sex organs may be on separate plants or both on the same 
plant (Fig. 127III). Tbe female sex organ is called the oogonium and the 
male sex organ, the antheridium. When the oogonium is mature, the 
ends of the beak open slightly, and a single sperm, which has escaped 
from an antheridium, enters (Fig. 127III, B), Thus fertilization is accom¬ 
plished. The sperm is a minute, flagellated cell that may swim widely 
before finding a mature, unfertilized egg; the egg is a large nonmotile cell. 
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/. Summary, —Four plants belonging to the green Algae have now 
been examined, each exhibiting an increase in complexity over the one 
before in its method of sexual reproduction. For example, in Protococcus, 
there is no sexual reproduction; in Spirogyra, conjugation takes place; 
in Ulothrix, the swimming gametes unite in pairs to form the zygote; 
and in Vaucheria, definite sex organs and differentiated male and female 
gametes are formed. 

Many animal-like forms such as Euglena, Volvox, etc., are sometimes 
classed here. These “borderline’* organisms will be discussed with the 
Protozoa. Here, too, are included the 
beautiful desmids (Fig. 127IV).' 

3. The Bhown Algae: Phaeo- 
PHYCEAE. a. General Features, —As 
the name implies, most of the plants 
in this large group are brown in color. 

All of them are marine in habit. No 
single-celled forms are known. Brown 
Algae vary in size from those that 
are almost microscopic to the giant 
kelps that are as long as very tall 
trees are high. Some of the larger 
brown Algae may reach a length of 
160 ft. Usually the plant is anchored 
by a strong holdfast at the base (Fig. 

129). At high tide, the expanded por¬ 
tions float on' the water. This is due 
to the presence of hollow stems or 
air bladders. Some of the brown 
Algae are simple, whereas others 
possess structures that resemble 

those of the higher plants. p.^ 129.-Roclcwe,d Vuc«), . brown 

b, Fucus, —The rockweed, rucus SKamot.) 

(Gr. phykos^ seaweed), is a good 

representative of the brown Algae. The body of Fucus is a ribbon-like 
thallus. This common brown seaweed has a ribbon-like thallus, branched 
dichotomously (Gr. dicha^ in two). It is provided with air bladders that 
enable it to float in the water and is anchored by a holdfast. Sex organs 
are also present. These occur on the tip's of the branches (Fig. 129). 
The female oogonium and the male antheridium may be on separate 
plants, or both may be on the same plant, depending upon the species. 
Sex cells, eggs and sperm, are not of the same size, the sperm being much 
smaller. When the eggs are mature, they are set free into the water but 
are nonmotile. The motile sperms, which are also set free, surround them. 
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Fig. 130.—Various types of diatoms. 
Note fissure down the center of each 
plant, in (CX the **pill-box** type, the 
fissure is on the edge. (B. Shamos.) 


One sperm fuses with each egg, and thus the zygotes are formed. These 
develop immediately into new plants. 

4. The Red Algae—Rhodophyceae. —These beautiful plants are 
the most complex of all the thallophytes. All of them consist of more 
than a single cell. They live in warmer and more quiet waters than do the 
brown Algae. They resemble the brown Algae in being attached to the 
rocks near the shore. Their red color masks the green chlorophyll. 

Both asexual and sexual reproduction occur but the processes are too 
complicated to be considered here. One peculiarity of the red Algae should 
be mentioned; they exhibit a definite alternation of generations: i.e., an 
asexual generation alternates with a sexual generation. Agar, which is 

used in making up artificial culture 
DIATOM media for growing bacteria and is also 

^ iH iised in medicine, is an extract of red 

Diatomaceae (page 180). 
i|i Diatoms occur almost everywhere. 

^ ^ They may be found in vast numbers 

D in both fresh and salt water and serve 

Fig. 130.—Various types of diatoms, ^s food for countless other organisms. 
Note fis*uje down the center of each distinguishing character- 

plant. In (CX the “pill-box** type, the . • 

fis.urcisontheed 9 e.(B.Sh«mos.) ‘^^ic.s is the presence of a silicious 

shell. These shells, examined under 
the microscoi>e, are seen to be beautifully sculptured (Fig. RIO). 
They persist after the protoplasm within has died, and in some 
places, such as at the bottom of ponds and on the ocean floor, diatom 
shells have accumulated in such vast quantities as to form what is called 
diatomaceous earth. This type of “earth” is used as an abrasive in scouring 
soaps, as insulating material, etc. 

Sometimes diatoms are classified with the brown Algae on account 
of their color; or with the green Algae on account of the fact that their 
reproductive processes somewhat resemble those of the detoids. 

C. The Fungi.—The Fungi comprise a large and varied group of 
plants that arc exceedingly important to man. To this group belong 
thallus plants that do not have chlorophyll. About 70,000 have been 
described. Included in this large group are not only the mushrooms and 
toadstools but also the mildews, molds, and rusts, so important because 
many of them destroy crop plants. 

Fungi are classified as thallophytes on account of the character of 
their tissues and because their methods of reproduction are similar to 
those of the Algae. 

All Fungi are either parasitic or saprophytic, 

1. The Bacteria; the Schizomtcetes. —The simplest plants are 
the bacteria and the blue-green Algae. These are sometimes classed to¬ 
gether as the fission plants. Bacteria do not possess chlorophyll and ore 
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like the Fungi is this respect. For this reason, they are often classed with 
the Fungi. 

a. Discovery of Bacteria .—The first person really to see bacteria 
was a Dutch dry-goods merchant named I^euwenhoek. In 1683, he 
examined the tartar from his teeth and saw some rod-shaped bodies that 
are now called bacteria. The great Pasteur proved in 1864 that boiled 
(and hence sterilized) fruit juices would remain free of bacteria if kept 
free from contamination. Pasteur’s work was questioned at first, but he 
lived to see it accepted. 
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FIs. 131.—^Some types of bacteria. (L, Runyon.) 


Another great discovery was that of Robert Koch, in Germany, 
who first saw, in 1882, the bacteria that cause the “great white plague,” 
tuberculosis. Since this chapter is concerned with bacteria as living 
organisms, further discussion of bacteria in relation to disease, industry, 
etc., will be left until later (pages 806, and 847-849). 

6. The General Characteristics of Bacteria.^ (1) What they are.— 
Bacteria exist almost everywhere. They are often spoken of as “germs” 
or “microbes.” These terms are used in a loose way, however, and 
include plants, such as yeasts, as well as certain other plants and one- 
celled animals. They may be responsible for serious trouble or may be 
harmless or may be almost indispensable. If it is possible to state that 
anything living is simple, it may be said that the bacteria are simple 
plants. 

(2) Size. —Bacteria are the smallest living things that can be seen 
with the most powerful microscopes. Many of them are too small to be 
^ A widely distributed bacteria-destroying Agent, bacteriophage, is normally present in 
blood, urine, intestinal tract, etc., of man. Though its real nature is unknown, it is usually 
considered to be a virus. 
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seen with the usual compound microscope; the point of a pin will hold 
thousands of them. The largest is about in. long; the smallest known 
is only about Mso^ooo in. long. 

(3) Forms. —Three principal types may be recognized (Fig. 131): 
(1) Spherioal or coccus forms. These may be single, in pairs, diplococd, 
in chains, streptococci^ or in clumps, staphylococci; (2) bacilli, which are 
rod-shaped and which may be single, or in chains, streptobacilli; some of 
these may have a gelatinous covering that makes the solution containing 
them slimy; (3) curved forms, or spirilla. Certain bacteria possess flagella 
that enable them to swim in a liquid medium. 



Fis. 13S.—’A fly walked aaoss a sictile agar plate, then the plate was placed in an 
incubator overnight. Colonies ol bacteria appeared wherever the loot of the fly touched the 
piate. (Dr. E. Gambrel 1.) 


c. Identification. —In addition to studying bacteria with the aid of a 
microscope, one of the best ways of identifying them is to culture them. 
Some of them form characteristic colonies on sterile culture media; 
others form gases, etc. An expert bacteriologist can identify many 
bacteria by the way they affect the culture media in which they are 
growing. 

d. Reproduction in Bacteria. (1) By cell division. — Bacteria do 
not reproduce by a sexual process. The usual method of multiplication is 
by cell division. Certain forms may divide as often as every 20 to 30 
minutes; hence multiplication is very rapid. If all the descendants of a 
single bacterium lived and reproduced at the same rate, in 24 hours there 
would be 17 million and in two days, 281 million. Fortunately, various 
agencies check this prolific reproduction; the food supply gives out, or 
an accumulation of their own wastes in the medium in which they are 
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growing retards growth and reproduction. If a fly is allowed to walk 
across a sterile culture plate and the plate is then placed in an incubator 
for 24 hours, the result will be as shown in Fig. 132, This experiment 
demonstrates two things: (1) the foot of a fly carries bacteria, and (2) 
bacteria multiply rapidly. 

(2) By spores. —Under certain conditions, bacteria form spores. 
These can withstand drying and high temperatures, and ordinary methods 



FiS. 1^.—Roots of a soybean (Glycine) plant showins abundant development of 
nodules formed by nitrosen-fixins bacteria. (Farmer's Bulletin 1520, U.S. Department of 
Asriculture.) 

of sterili^sation do not kill them. Some of these spores can withstand 
boiling for 16 hours and afterward, when conditions become favorable, 
are able to grow and reproduce. 

e. Methods of Getting Food ,—Bacteria do not possess chlorophyll. 
On this account, like certain plants and most animals, they must obtain 
their food from organic matter, which may be living or dead. Those that 
feed on living organisms are parasites; those which feed on dead organic 
matter are saprophytes (Gr. sapios, rotten; phyton, plant). To be absorbed by 
any living organism, food must be in such simple form as to pass through 
membranes. In bacteria, the membrane is the cell wall of the plant. Food 
is transformed and liquidified through the agency of enzymes, which the 
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bacteria secrete and pour out on the food to be absorbed. This explains 
why the parasitic bacteria that feed on living hosts cause so much damage. 
A few bacteria are known that, like green plants, can build up protoplasm 
from purely inorganic materials. An example of this is one of the sulphur 
bacteria. Such an organism is simpler than the simplest green plant. 

/. Relation of Bacteria to Soil .—It has been known since the time of the 
Romans that peas, beans, and other leguminous plants cause enrichment 
of the soil. The reason for this was not known. The fact is that roots of 
such plants contain nodules (Fig. 133) in which live special types of 
bacteria. These are called the symbiotic nitrogen fixers. They enter the 
plant through the root hairs. Symbiosis may be defined as the living 
together of two organisms to the mutual benefit of both (page 54). 
The nitrogen fixers are able to take the nitrogen from the air that is 
present between the soil particles and build it into proteins or other 
compounds available to the plant. 

g. Role of Bacteria in Decay .—The role of bacteria as scavengers is 
very important. When an organism dies, it “returns to the earth from 
whence it came.“ Many raw materials are used in the building up of proto¬ 
plasm; these are returned to the earth again to be used in building the 
protoplasm of other living things. This process, which is commonly 
called decay^ is largely the work of bacteria. No matter whether accident 
or disease “turned out the light,” bacteria are present and begin the work 
of decomposition immediately after death occurs. 

The decay of certain, products, such as ice cream and fish, may give 
rise to poisonous substances known as 'ptomaines (Gr. ptoma, deadly 
body). Ptomaine poisoning, however, is rather rare, most supposed cases 
being botulism or, still more common, food-borne infection. 

Bacteria play an important part in the maintenance of the carbon and 
nitrogen cycles (Figs. 36 and 37). From this it naturally follows that they 
are important in the interrelations of plants and animals, 

A. The Economic Importance of Bacteria .—Bacteria play an important 
role in industries; for example, in the making of liquors, wines, and 
vinegar, as well as the souring of milk, in the ripening of cheese, in the 
making of sauerkraut, in the “curing” of tobacco, in the separation of 
the fibers of hemp and flax from other parts of the plant {retting) y and in 
the tanning of hides, etc. In solving the problems of sanitation, sewage 
disposal, and disease control, a knowledge of bacteria and their ways is 
indispensable. 

i. Bacteria in Relation to Disease .—It is common knowledge that 
bacteria cause many diseases of both plants and animals. Indeed, the 
scope of their activities is so great that a large part of the science of 
bacteriology is devoted to the study of this class of bacteria, the patho¬ 
genic (Gr. pathosy suffering; genesisy to produce) bacteria. Problems of 
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sanitation, sterilization of drinking water, pasteurization of milk, and 
many other sanitary measures have to do with control and spread of 
disease. Before the relation of bacteria to infection was discovered, there 
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Fig. 134.—<l) Bresd mold (Rhizopus nigricanO- (A) Bread mold growing on bread. 
(B) Enlarged portion of mature plant showing plant body and sporangia. (II) Sexual cycle 
in the bread mold. If plus and minus strains grow in the same situation, the tips of the aerial 
hyphae will come together, fuse, and form a zygote. When mature, the zygote germinates 
and a new plant begins Its growth. (L. Runyon.) * 


was very high mortality in surgical cases. Some of the most common 
diseases caused by bacteria are typhoid fever, tuberculosis, pneumonia, 
tetanus, and many others (see Chap. XLVIII). 

2. Algae-like Fungi, Phycomycetes, the Filamentous Fungi. 
a. General Characteristics .—Although this group of Fungi resembles the 
Algae in some ways. Fungi have no chlorophyll. Examples of this group 
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are the bread mold (Fig. 134) and water mold (Fig. 135). There are about 
330 species. 

The individual branches of the plant body, or filaments, are called 
hyphae (sing, hypha^ from Gr. hyphe^ a web). A group of hyphae form a 
mycelium (Gr. mylces^ fungus) or plant body. Root-like structures called 
rhizoids attach these plants to the substratum. 

b. Bread Mold. —A good example of the life cycle of this group 
is found in the bread mold, Rhizopus nigricans. Examination of 

Fig. 134 illustrates the life cycle of the 
bread mold. This saprophyte is easily 
obtained for study by exposing a damp 
piece of bread to the air. So many spores 
of the bread mold are floating about in 
the air that a white felt-like growth soon 
appears on the bread that has been ex¬ 
posed. After a few days, the mycelium 
produces erect l^ranches. At the tip of 
each branch a swelling appears. These 
arc white at first but soon turn black. 
The swellings are the sporangia or spore 
cases; in them spores are formed. When 
the spores become mature, the walls of 
the sporangia rupture, and the light spores are carried away by air 
currents. If these spores chance to encounter a favorable medium, they 
germinate, and new plants are produced. This is the asexual generation. 

Rhizopus plants may differ from one another; some arc said to be 
mintLS and other pltis strains. The hyphae of these two types of strains 
may conjugate, thus beginning a sexual process. Such a conjugation 
results in the formation of a body known as a zygospore. This zygospore 
(Gr. zygosy united; sporos, seed) possesses a thick wall, goes through a 
resting stage, and then, when conditions are favorable, germinates to 
form a new plant (Fig. 134//). The asexual type of plant continues to 
live and grow indefinitely, as long as conditions are favorable. The 
sexual generation does not appear unless plus and minus strains, which 
may be compared to male and female, conjugate. 

3. Sac (or “Cup”)^ Fungi; the Ascomycetes, —^This is a large group 
of about ^0,000 species. They include such common forms as yeasts^ 
true moldsy mildews^ and blights. 

a. General Features. —^The spores of these plants are borne in sacs or 
asci. It is an important group, because it includes many plants that 
cause diseases of plants that are economically important. Many of them 
are useful to man, however; the molds in the making of cheeses, the yeasts 
in fermentation, etc. 



Fig. 135."—Water mold (Saprolegnia) 
growing on a dead fly. (B. Shamos.) 
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b. Yeasts, —Yeasts arc small one-celled plants. Reproduction among 
yeasts is by budding. Sometimes these buds remain together, forming 
chains that appear to branch (Fig. 136). Each of the cells can lead an 
independent existence, however. Yeast cells cause fermentation. This is 
a part of the respiratory process due to the presence of enzymes produced 
by the yeast cells (Fig, 137). In breadmaking, the yeast cells develop 
in all parts of the dough. They cause fermentation of the sugars in the 
dough through the agency of enzymes. What happens is that the enzymes 
oxidize a part of the sugar present into carbon dioxide and alcohol. In 
this way, the yeast obtains the ^ ^ 

energy that it needs. The alcohol ^ 

formed is vaporized and driven off buds 

by the heat. The carbon dioxide a 

is also driven off by the heal, but 

it accumulates in bubbles and ® 

"‘raises” the l)read as it is making ^ Jim 

its escape (Fig. 137^). High tem- ^ 

peratures kill the yeast plants and 

also change some of the starch ^ 

to dextrin, which is more digest- 

ible than starch. Sometimes yeast spores 

added to the dough contains acid- Fis. 136.—^The yeast plant (Saccharomyces). 
forming bacteria. These change Slnsle cell. (B and C) Buddins yeast cells. 

part of the alcohol to acetic acid. by budding, th. r«.ul«ns 

. . 1*1 1 cells remainins attached to each other. (E) 

and sour bread is the result. gporu. in . tingle cell. (B. Shamos.) 

Yeasts are the agents that 

cause fermentation in solutions containing carbohydrates and so are 
used in the manufacture of beer from sprouted barley, wine from fruit 
juices, and cider from apples. Bacteria and Fungi may also cause 
fermentation. 

c. Lichens, —lichen is a combination of an alga and an ascomycete 
fungus. They are usually to be found growing on rocks, trees, etc. The 
fungus forms the plant body within which the alga cells are enclosed and 
kept more or less moist. The result is a plant that is grayish green in 
color (Fig. 31). The alga can utilize sunlight for the manufacture of 
food by photosynthesis, and the fungus keeps the green alga moist by 
enclosing it in its body. In this way, lichens can grow in places where 
neither plant could grow alone. The alga is able to grow alone if condi¬ 
tions are favorable, i,e,^ if moisture and light are present; and the fungus 
is able to grow alone if the proper food is available. From the alga, the 
fungus obtains organic materials that it cannot synthesize for itself. 

Lichens multiply in a peculiar manner. Small bits break away from 
the plant and are blown about by the wind or distributed by insects and 


SPORES 

Fis. 13A—^The yeast plant (Saccharomyces). 
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otlier animals. These pieces produce new plants if they encounter favor¬ 
able conditions. 

Lichens often cover rocky surfaces. The acids they produce dissolve 
away the rock; then the plant dies, adding its body to the crumbled rock 
and thus forming a tiny patch of shallow soil. 

The manna mentioned in the Bible (Exodus, 16-35 and Numbers, 
11: 6-9) is supposed to have been one of the lichens {Lecanora esculenta). 




Fig. 137.»Experiinenfs to demonstrate fermentation. (A and B) Growing yeast gives 
off both carbon dioxide and heat. (C) Yeast has not been added to the dough on the left 
while it has been added to the dish on the right. (Dr. E. H. Runyon.) 


This species grows on rocks in wrinkled masses. It may be distributed 
either by being broken away and carried oflF by the wind or by bemg 
washed into depressions by heavy rains. 

4, Club Fungi; Basidiomycetes. —^This, also, is a large group includ¬ 
ing about ^0,000 species. 

a. General Features, ^The spores, instead of being borne in a sac or 
ascus, are borne in a club-shaped body, the baaidium. In this group are 
found the mushrooms, puffballs, etc. 
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6. Mushrooms are of special interest because some of them are used 
for food and others are deadly poison. For a long time France was the 
center for growing mushrooms, but of late years quite an industry has 
grown up in the United States. From 15 to 20 million pounds are raised 
in and around Philadelphia yearly. Often one hears of people being poi¬ 
soned as a result of eating one of the poisonous varieties of mushroom. 
Most of the poisonous varieties belong to the genus Amanita, 

Figure 138 represents the development of a mushroom. Spores are 
vshed from the gills. These fall to the ground, where they germinate, 
forming a thread-like mycelium. As the mushroom grows, the veil that 
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Fis. 138.—Life cycle of a mushroom. (B. F. Edwards.) 
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encloses the plant breaks; and the stem with the cap emerges and grows 
to maturity, 

c. The Wheat Rust {Puccinia graminis tritici), —The stages in the 
complicated life cycle of this plant are illustrated in Fig. 139. It is inter¬ 
esting to note that the rust grows on such different plants as the barberry 
and the wheat, and that different stages occur on each plant. The name 
wheat rust comes from the color of the summer spores. The life cycle 
of many parasites is quite complex and often difficult to unravel. That 
of the wheat rust is an excellent example. Beginning with the blotches 
on the barberry, it has been found that these blotches are cups, produced 
by the rust, that contain many cluster cup spores (aecidiospores). Some 
of these spores may be carried by the wind or by insects to wheat fields, 
where they germinate, sending their mycelia through the stomata and 
into the leaves and stems. The rust plant grows inside the wheat plant. 
When mature, it produces summer spores (uredospores), which are rusty 
in color. These spores appear when the leaves crack open and infect 
other wheat plants. The resulting mycelia produce other uredospores, 
and this cycle may be repeated many times. As a result, millions of 
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wheat plants may be injured. Late in the summer, the wheat-rust plant 
produces another type of spore, the winter (teleutospore^ or teliospore) 
spore. These spores are black and consist of two cells. They remain 
dormant all winter on the stems of the wheat stubble. In the spring, 
each of the two cells germinates to produce still another type of spore 


STAGES 

ON THE BARBERRY 


SPERMATIA 



(Teliospores) wiNT^ 

SPORES 


SUMMER 

SPORES 

(Uredospores) 


STUBBLE 

Fig. 139.—Life cycle of the wheat rust (Puccinia graminis). (L. Runyon.) 


(bdsidiospore), which infects the young leaves of the barberry. Here a 
type of sexual union occurs that produces binucleate hyphae. Cluster cup 
(binucleate) spores are produced by the binucleate hyphae. These are 
the aecidiospores, which infect the wheat, and so the cycle begins over 
again. 

5. The Slime Molds; Mtxomycetes. —^The slime molds (Pig. 140) 
are very difficult to classify, because they have both plant and animal 
characteristics. They are very similar in many ways to Amoeba (page 
870). Instead of one nucleus, they contain many nuclei. The body is 
capable of movement and may respond to certain stimuli by flowing 
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around and engulfing foreign particles. Slime molds resemble plants in 
their methods of reproduction. They produce spores as plants do. Most 
of them are saprophytes. 

C. The Imperfect Fungi. —^In addition to the recognized classes of 
the Fungi, there are a large number whose relationships are obscure. 
They are called imperfect, because many of the stages in their life cycles 
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Fig. 140.—A slime mold. (Dr. E. H. Runyon.) 


have not been found as yet. They may, or may not, have these stages. 
Many of the imperfect Fungi are pathogenic. 

II. Biological Principles and Problems illustrated by the Thallophyta 

A. Independent and Dependent Plants. —It has been pointed out 
several times that the Algae manufacture their own food and are, there¬ 
fore, independent and that Fimgi are saprophytes (page 190). It seems 
reasonable to suppose that first plants must have been independent, 
something like the types of bacteria capable of synthesizing their own food 
{aviropic) and that dependent plants arose by adaptation to their mode 
of life. 

B. Saprophytes. —Most of the saprophytic plants (page 155), or 
dependent plants, belong to the Fungi. An exception is the Indian pipe 
(Fig. 104). 

C. Symbiosis. —Whether symbiosis and parasitism are degrees of 
the same principle or not, a beautiful example of symbiosis is furnished 
by the lichens (page 193). Here the alga is protected from drying out and 
is held in place. It gives to the fungus the organic substances that it 
needs but that it cannot manufacture for itself. 
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D. Parasites. —^The parasitic mode of life is common among the 
bacteria molds, mildews, rusts. As is the case with animal parasites, many 
parasitic forms have very complicated life histories, involving more than 
one host, as the wheat rust. 

Questions 

1. What are the three main types of bacteria? 

2. How do bacteria obtain the oxygen that they need? 

3. How do the bacteria reproduce? What hinders indefinite multiplication? 

4. Some bacteria, even after being boiled, may develop in foods and in solutions. Why? 

6. Why do not dried fruits, vegetables, and meats decay? What is meant by “smoking*’ 

meat? 

6. What conditions favor the development of bacteria ? 

7. Why are fruits and vegetables shipped in refrigerated cars ? 

8. How does yeast cause bread to “rise**? Why is bread put in a warm place to “rise”? 
Is bread dough usually mixed with warm or cold water or milk? Explain. 

9. What are some of the products of fermentation? Explain just what fermentation is. 
Are yeast plants the only plants that cause fermentation? Will fermentation, once 
started, continue indefinitely? 

10. Sugar is often added to bread dough. Is there any method by which sugar may be 
formed in the dough? 

11. What products of fermentation are driven off when bread is baked ? In what form are 
they? 

12. What vitamins are present in yeast? 

13. Branches of the mycelium of the bread mold penetrate moist bread; how must the 
solid foods of the bread be changed before this fungus am absorb them ? How does the 
bread mold bring about this change? If the bread were dry, could this change take 
place? 

14. What is meant by “plus” and “minus” strains of bread mold? 

15. Compare Syirogyra and bread mold with respect to their manner of obtaining food. 

16. Why do we think that the green Algae are a higher type of plant than the blue>green 
Algae? 

17. Describe conjugation in Spirogyra. Which gamete may be considered the male? Which 
the female? 

18. What is the difference between the type of sexual reproduction of Ulothrix and that of 
Vaucheria ? 

19. What products are obtained from brown seaweeds? 

20. What is a spore? What is the difference between a spore and a seed? 

21. Give an account of the life cycle of a common mushroom. The bread mold. The wheat 
rust. 

22. What are slime molds? Why arc they called borderline organiams? 

23. No Algae live at great depths in w’ater. Why? 

24. What are lichens? What is the role of each of the partners in this combination? 

26. Why are the blue-green Algae sometimes classed with the bacteria? Why are the 
bacteria often classed with the Fungi? 

26. What are some problems connected with the three modes of life; saprophytic, symbiotic, 
parasitic? 
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CHAPTER XV 

BRyOPHYTA AND TRACHAEOPHYTA 


The Night is mother of tlie Day 
The Winter of the Spring 
And ever upon old Decay 
The greenest mosses cling. 

-WlIITTlEll. 

I. Liverworts and Mosses; Bryophyta 

This is the second of the great plant groups. They arc low, green 
plants found in many kinds of situations. There are twf> large groups, 
the liverworUy usually delicate plants, which require moist environments, 
and the true mosses, which form the familiar carpets of our woods. 

A. Classification. 

Phylum Bryophyta (Gr. bryony moss; phytony plant). No true vascular system. 

Class 1. Hepaticab (L. hepar, liver). The liverworts, I'hallus bodies, so named from 

fancied resemblance to the liver; Marchantia (Fig. 141). 

Class II. Musci (L. muscusy moss). The true mosses. Gametophyte has erect stem and 

spirally arranged leaves; no true roots; mosses (Fig. 143). 

B. Liverworts; Hepaticae.—^The liverworts were so named because 
the plant body was supposed to resemble the liver in form. In olden 
times, plants were often named after the parts of the body they were 
supposed to resemble. 

1. Marchantia. — Marchantia^ a good example of the liverworts, 
grows in damp, shady places. 

а. The Plant Body ,—The body is flat and is notched at the ends 
(Fig. 141). These notches represent growing points. Each growing 
point may fork or branch, but the plant usually grows to be only from 
2 to 3 in. long. No true roots are present, but the thallus-like body is 
attached to the earth by means of rhizoids. The upper surface of the 
plant is covered with an epidermis in which are pores, or openings, that, 
like the stomata of the higher plants, provide for ventilation. 

б. Reproduction, (1) Vegetative reproduction. —^Two types of 
Marchantia plants occur, male and female. Both types bear cupules 
in which are to be found asexual reproductive bodies (gemmae) (Fig. 141). 
When these gemmae, or buds, fall on soil that is favorable for their 
growth, new plants develop from them. 

soo 
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(2) Sexual repbodi^ction; the gametophyte. —^Figure 142-4 and 
D shows the difference between the ‘‘umbrellas^’ that grow on each plant. 
On the underside of the “umbrella” (gametophore) on the female plant 
are the female sex organs, or archegonia (sing, archegoniumy Gr., arche- 



Fi 9 . 141.—Male and female plants of Marchantia. Special asexual reproductive bodies 
(gemmae) are in the cupules. (L. Runyon.) 


ANTHERIOIA 



GAMETOPHYTE 

Fig. 142.—The life cycle of the liverwort Marchantia. (F. Baker.) 


gonoSy the first of a race). In the archegonium is an egg. In the “umbrella” 
(gametophore) on the upper side of the male plant are the male sex 
organs, the antheridia (sing, aniheridiumy L. diminutive of anthery flower), 
and in the antheridia the male sex cells, the sperm, are formed. Thus 
it will be seen that gametophytes bear the gameiesy or sex cells, whereas 
sporophytes produce spores. In this case, the plant that we know as 
Marchantia is the gametophyte generation. 
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(3) The sporophyte; spore formation.— After the sperm has 
fertilized the egg, which is still on the underside of the female gameto- 
phore, the fertilized egg, or zygote, remains in place and begins to divide. 
Soon a sporophyte develops. This is an inconspicuous structure con¬ 
sisting of little more than a stalk bearing a spore capsule that contains 
the spores. 

The sporophyte is entirely dependent upon the old plant for food. 
When the spores are ripe, they fall to the ground, and each one is capable 
of producing a new plant that grows into a garnetophyte. If it is borne 
in mind that a sporophyte produces spores and a gametophyte produces 
gametes, or sex cells, the two generations will not be confused. In Mar- 
chantia^ the sporophyte is small and inconspicuous. Among the higher 
plants, the sporophyte is the familiar tree, or flowering plant; the gameto- 
phytes are small, and are never seen without the aid of a microscope. 

C. Mosses, Musci.—Mosses are near relatives of the liverworts. 
They tend to grow in moist places, although some of them live in fairly 
dry situations. 

1. The Plant Body. —In mosses, the “leafy** plant is part of the 
gametophyte. Separate plants bearing male and female sex organs, 
as in the life cycle shown in Fig. 143, do not occur in all mosses. Plants 
that bear both female sex organs (archegonia) and male sex organs 
(antheridia) are known as hermaphrodites (Gr. Hermaphroditus, a Greek 
mythological character). This is the condition of many species of plants 
and animals, 

2. Life Cycle of a Typical Moss. —The life cycles of the mosses and 
liverworts are quite similar. 

a. Reproduction, (1) Vegetath^e reproduction. —Mosses multiply 
freely by vegetative means, almost any fragment being capable of produc¬ 
ing a new plant. “ Brood bodies,** or special reproductive buds, occur on 
leaves or rhizoids of some species. Adventitious protonema may also 
develop from almost any part of the plant in some species. 

(2) The gametophyte; sexual reproduction. —When the minute 
spores produced by the moss (Fig. 143) fall to the ground, a thread-like 
plant develops from them. Such a plant is called a protonema (Gr. protos^ 
first; nemOy a thread). These thread-like green plants, which are rarely 
recognized except by botanists, spread over the soil for some distance. 
After a time, numerous buds appear; these give rise to the erect, “leafy” 
moss plant. The moss plant, together with the protonema, form the 
gametophyte. Since the buds are very close together, it is evident why 
the moss plants form the familiar compact “carpets** in our woods. 
At the tips of these gametophytes, the archegonia and antheridia develop 
(Fig. 143). Only a film of dew, or a raindrop, is necessary to enable the 
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sperm produced in the antheridia to swim to the eggs that lie in the 
archegonia. When a sperm and an egg have fused in the process of 
fertilization, the zygote thus formed begins to divide and soon develops 
into a young sporophyte (Fig. 148). 

(3) The sporophyte; spore formation. —^The sporopliyte sends 
a “foot” down into the tissues of the gametophyte and remains anchored 



Fig. 143.—The life cycle of a mots. In some mosses the male and female sex or$ans are 
borne on the same plant. (L. Runyon.) 


there. A spore case full of spores is now produced by the sporophyte, 
and for a time this spore case is surrounded by the calyptra (Gr. kcUyptra, 
a covering for the head), which is the remnants of the old archegonium. 
The end of the capsule is covered by a lid called an operculum (L. opercu¬ 
lum, lid). If the calyptra is removed, or falls off, the operculum may be 
displaced. It falls off naturally when the spores are mature. The spores 
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then fall to the ground, and, if the situation is favoralble, new protonemata 
develop, and the cycle is repeated. 

This alternation of generations is in a more pronounced form than 
that in Marchantia. The sporophyte is more prominent, but the gameto- 
phyte is still the more conspicuous, being the erect plant familiar to 
everyone as moss. 

3. Economic Uses of Mosses, a. Peat. —Mosses of the genus 
Sphagnum are responsible for the formation of peat. They grow in cool, 
damp places, as well as in standing water, and often form dense cushions 
in marshes. On top of these cushions other plants may grow; in this way, 
“quaking bogs“ arise. These bogs may appear to be solid ground, but 
when one walks over them, the whole mass moves more or less. Often the 
lower part of the Sphagnum plants may die and the upper part continue 
to live. On this account, the plants may become very old. Since the upper 
portion of the plant continues to grow, the dead portions underneath arc 
pressed down; this results in the formation of peat. The water in which 
these mosses flourish contains acid; this prevents the dead mosses and 
other organic matter from completely decaying. In the course of time, 
extensive deposits of peat are formed. Some of the peat now being used 
in northern Fliirope may be millions of years old. Blocks of it are cut out, 
dried, and used as fuel. 

6. Surgical Dressings. —Some types of Sphagnum are capable of 
absorbing from 15 to ^0 times their own weight in water. For this reason, 
and because their acidity inhibits bacterial growth, they were used 
as surgical dressings in the place of cotton to some extent during the 
First World War. 

c. Packing.—Sphagnum is often used to pack live plants that are to 
be shipped, since it serves to keep them moist. This type of moss may 
also be mixed with the soil to keep the ground moist or to make it acid. 
It is also an excellent material for mulching. 

II. Vascular Plants 

Formerly club mosses, horsetails, and ferns were grouped together as 
Pteridophyta (Gr. pteris, fern; phyton, plant). More recently Sinnott has 
proposed a new classification, grouping some primitive plants, mostly 
extinct, the old pteridophytes and the spermatophytes (seed plants) in 
one group of vascular plants, the Tracheophyta. The pteridophytes are 
the most highly organized of the seedless plants. They possess a vascular 
system; true roots, stems, and leaves. Without the development of a 
vascular system, there could not have been large land plants. The ferns 
and their relatives represent a very old group of plants. During the 
Carboniferous period of the Paleozoic Age, they were the dominant group 
of plants. 
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A« Classification of the Vascular Plants. 

Phylum Tracheophyta (Gr. tracheia, windpipe; phytori, plant). 

Subphylum A. Psilopsida (Gr. psilos, hare; opsi.H, appearance). Primitive vascular plants 
most of which are extinct. 

Subphylum B. Lycopsida (Gr. wolf; apsis, appearance). Club mosses or ground 

pines. 

Subphylum Sphenopsida (Gr. sphcri, wedge or wedge-shaped; apsis, appearance). 
Horsetails or scouring rushes. Survivors of what was a great group in the Coal Age; 
silica present in walls of the plant; horsetail {Kquiseium). 

Subphylum D. Pteropsida (Gr. pier is, pteridos, a fern; apsis, appearance). Ferns and seed 
plants. 

C'lass I. Filtcinae {L. folix, fern). Familiar fern plants; underground stems bearing 
numerous leaves or fronds; garnetophyte, inconspicuous; sporophyte, the fern plant; 
bracken fern, Pivris. 

( .'lass II. Gymnospeumae’ (Gr. gymiias, naked; sperma, seed). Plants with naked seeds; 
cycads, conifers. 

('lass in. Anoiospermae ((ir. angio, covered or enclo.sed; sperma). Seeds are en¬ 
closed in case. 

Subclass 1. Dk’otyledoneae ((ir. di, two; katyledon, embryonic leaf). Plants with 
two seed leaves; netted veined leaves; flow'er parts in fours, fives, or more; violet, 
rose, oak, maple. 

Subclass 2. Mono^ otyledoneae (Gr. mano, one; katyledon). Plants with one .seed 
leaf; parallel veined leaves; flower parts usually in threes or multiples of three; 
gra.sses, lillies, etc. 


B. Club Mosses; Lycopsida.—^The club mosses are the descendants of 

an ancient group of plants. Their modern representatives are small and 
insignificant compared with the giant forests of those plants that existed 
in Carboniferous times. Delicate herbaceous plants also existed then 
(Fig. 47). Living representatives of this group are the ground pines, 
which are used as Christmas decorations, and Selagmella, “the little 
club moss.” . 

C. Horsetails; Sphenopsida.—The scouring rushes, or horsetails, were 
once a mighty group of plants. In Carboniferous times, their relatives, 
the Calamiles, grew into great and noble forests. Some of the trees in 
these forests were 30 ft. in diameter and 90 ft. in height. Most of the 
modern representatives of the horsetail group are small in size. 

Certain of the stems of the horsetails are horizontal and subterranean 
(Fig. 47); from these two types of shoots arise, (1) vegetative and (2) 
spore-bearing. In some species, whorls of branches occur at each node 
that give the plant the appearance of a brush or horsetail. The cells of 
horsetails contain silica. For this reason, the plants are called scouring 
rushes. The early settlers used them for scrubbing purposes. Equisetum 
is a common example of the horsetails. 

^ Seed plants are often grouped together as Spermatophyta (Gr. sperma, seed; phyton, 
plant). 
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D. Ferns; Pteropsida; Class, Filicinae.—These are the familiar Fern 
plants of the woods and their relatives. 

1. Habitat. —^Ferns grow in many types of environments. Some 
float in water; others are rooted in mud and are partly covered with water; 
some grow on tree trunks, such as the so-called resurrection plant, and 
are capaWe of being thoroughly dried; still others are the tree ferns of 
the tropics. But the ferns that are most familiar are those found in moist, 
shady woods in temperate climates. 

2. The Plant Body. —^The stems of ferns are in most cases horizontal. 
They either lie on the ground or extend under the surface of the soil, 
forming rootstocks. The leaves arise from the stem and uncoil as they 
develop. The tree ferns may attain a height of from 30 to 40 ft. Fern 
leaves are large and compound, being divided into leaflets. 

3. The Life Cyxee. a. Reproduction. (1) Vegetative bepro- 
DUCTiON. —Ferns may reproduce themselves both asexually and sexually. 
The rootstock may branch and “take root.’’ Stems arc often seen ex¬ 
tending over the edges of pots in which ferns are growing. The tips 
of the leaves of the walking fern may take root where they touch the 
earth and a new plant develop there (Fig. 101/i). Fern plants may 
reproduce themselves indefinitely by one or the other of these types of 
vegetative reproduction. 

(2) Sexual reproduction; the gametophyte. —The life cycle of a 
type of fern that exhibits an alternation of generations is illustrated in 
Fig. 144. As in mosses, the sporophyte and gametophyte generations are 
present. The gametophyte generation bears the sex organs that produce 
the gametes, or sex cells, and the sporophyte generation bears the spores. 
The two generations are more independent of each other in ferns than 
they are in mosses. In ferns, the gametophyte takes the form of a very 
heart-shaped plant that is not usually seen unless it is looked for espe¬ 
cially. Both types of sex organs are borne on the underside of this small 
plant, the archegonia being nearer the top and the antheridia nearer 
the bottom (Fig. 144). The sperm escape from the antheridia and swim 
in a thin film of water to the egg, which is fertilized during the time it is 
within the archegonium. The zygote begins development while still 
attached to the old gametophyte (Fig. 144). The plant that arises from 
the zygote is a sporophyte. This sporophyte soon develops roots and 
leaves and becomes the familiar fern plant. 

(8) The sporophyte; spore formation. —^As has been observed, 
the sporophyte begins its development while still attached to the gameto¬ 
phyte. The spores are usually formed in spore cases (sporangia) on the 
underside of the leaves, although some forms (cinnamon fern and others) 
produce specialized fruiting, or fertile, leaves. A group of sporangia is 
called a sortis. When yoimg, each sorus may be covered by a membrane 
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(indusium). The method of escape of the spores from the sporangia is 
interesting. The heavy walled cells on the outside of the sporangium 
form a ring, the annulus (Fig. 145). This ring does not quite enclose 
the spore case. When mature, the annulus slowly bends backward; 
then it snaps forward again, throwing the spores into the air. If the 



Fig. 144.—Life cycle of e fem. (L. Runyon.) 


spores fall upon damp ground in a shady place, they germinate and 
produce the heart-shaped gameiophyte^ and thus the cycle is repeated. 

E. Significance of the Alternation of Generations.—Alternation of 
generations aid the plants in the bryophyte-pteridophyte groups to solve 
two problems: (1) dispersal and (2) sexual reproduction involving cross¬ 
fertilization, the process by which new individuals are produced by 
reassortment of the chromosomes. In the Algae, these problems are 
largely solved by living in water. This medium serves for distribution 
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of the zygotes; in it, also, the motile germ cells may swim, and so fertiliza¬ 
tion is eflFected* 

Land plants must solve these problems in other ways. The sporo- 
phyte generation in liverworts, mosses, and ferns produces minute spores 
easily borne by the wind, or other agencies, and the gametophyte provides 
for sexual reproduction and cross-fertilization. Water, though it may 
be only a film of dew, is still necessary for the union of gametes. 

The two generations differ in many ways, the most fundamental 
being that the nuclei in the cells of the sporophytes contain a diploid 
(page 42) number of chromosomes, whereas the nuclei in the cells of the 
gametophyte contain a haploid (page 42) number of chromosomes. 
Meiosis in these plants differs somewhat from the preliminary description 



Fis. 145.—Discharge of spores from the sporangium of a fern. (Redrawn by F. Baker from 
Coulter, Plant Life and Its Uses, The American Book Company.) 


of the process described on page 42. Here the reduction division, i.e., 
the halving of the number of chromosomes, takes place when the spores 
are formed by the sporophyte. Since the sporophyte will develop from 
the zygote, the nuclei of all its cells will have the diploid number of 
chromosomes.^ 

By alternation of generations, then, a division of labor occurs, the 
sporophyte ensuring distribution by producing minute spores easily 
borne by the wind or other agencies and the gametophyte providing for 
sexual reproduction, involving cross-fertilization. This cross-fertilization 
provides for variation by the reassortment of chromosomes in those 
individuals that have come from the fertilized egg. 

F. The Formation of Coal.—The fern group played an important 
part in the formation of coal. In early geological times, a large part of 
the earth was covered with marshes, and these marshes supported a very 
luxuriant vegetation. When conditions changed, great masses of vegeta¬ 
tion were buried under mud, rocks, and water (Fig, 517). Very little 
oxygen was present; hence very little decay took place, and vegetation 
was changed slowly by chemical reactions. Gases, such as carbon dioxide 

1 For a more detailed discussion of haploid and diploid numbers of chromosomes, 
see p. 70£. 
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and marsh gas, were given off. The residue became coal deposits. When 
one considers the important uses of coal in the modern industrial world, 
it is difficult to overestimate its value. 

Questions 

1. In what ways do the liverworts resemble the Algae? 

2. Can you suggest a reason for the fact that whereas mosses can grow in both dry and 
moist places, liverworts do not thrive except in moist situations? 

3. Define the following terms as related to liverworts: prothallus, male gametophyte, 
female gametophyte, archcgonium, antheridium, gemmae cupules. 

4. Give a “running account” of the life history of Marchantia, 

6. Define the following terms as related to mosses: seta, calyptra, operculum rhizoid, 
protonema, gametophyte, sporophyte. 

6. Give the life history of a typical moss. 

7. How is peat formed? What is a “quaking bog”? 

8 . What characteristic possessed by Sphagnyni moss makes it valuable as a packing in 
shipping plants a long distance? What other uses has this moss? 

9. Define the following terms as related to the pteridophytes: indusium, annulus, strobilus, 
prothallus. 

10. (.'ompare the three classes of the pteridophytes as to general features. 

11. How many ferns reproduce themselves asexually? 

12. G ive the life history of a typical fern. 

13. Why are the pteridophytes and the seed plants called vascular 'plants? 

14. Why would you say that the ferns are the most highly organized of the seedless plants? 

16. What is the probable history of wal formation? 

16. Compare the gametophyte of a moss with that of a fern; the sporophyte. 

17. Give an account of the significance of alternation of generations. 

18. Describe the processes of fertilization in liverworts; in mosses; in ferns, 
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TRACHEOPHYTA (Continued) 
THE SEED PLANTS 


June reared that bunch of flowers you carry 
From seeds of April’s sowing. 

—Browning. 

I. Seed Plants (Spermatophyta) 

A. Seeds Plants in General.—Because of their large size and abun- 
dance» as well as their usefulness to man, the seed plants are more familiar 
than any other plants. Included in this group are the great majority of 
herbs, bushes, and trees that exist on earth. The “cone bearers” (gymno- 
sperms) bear seeds that are freely exposed to the air (naked); the flowering 
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Fig. 146.-—The life cycle of tne pine (tee text). (Photo by Dr. E. H. Runyon; drawing by 

B. Shamot.) 


plants (angiosperms) bear seeds enclosed in an ovary. Chapters VII to 
Xn are devoted to a study of the organization and structure of a typical 
angiosperm. It is necessary here to describe a representative of the 
gymnosperms such as the pine (Fig. 146). 

B. Classification.—The classification of the seed plants is shown on 
page 205. The older classifications place them in the phylum Sperma¬ 
tophyta, with two subphyla, Gymnospermae (with naked seeds) and 
Angiospermae (seeds enclosed). More recent classifications include the 
seed plants, together with the ferns, in the phylum Tracheophyta 
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(subphylum Pteropsida) (page 205). The classes Gymnospermae and 
Angiospermae are called divisions by some authors. 

C. Gymnospermae.—Gymnosperms are of ancient lineage. In ancient 
times, they were a dominant plant group, but relatively few of them— 
only about 500 species—are alive today. Fossil records demonstrate that 



Fig. 147.—A cycad (Cycat rumphii). (From A Textbook of General Botany by W. H. 

Brown/ Ginn and Company.) 

many kinds that formerly existed are now extinct. Some of the fossil 
gymnosperms are so well preserved that we can study even their cell 
structure witli the aid of a microscope. 

The living gymnosperms are classed in four orders: (1) Cycadales^ 
a somewhat palm-like group with about 90 spwjcies; (2) Ginkgoales^ with 
one living representative, the ginkgo, or maidenhair, tree; (3) the Coni- 
feredes^ the cone-bearing plants, of which there are about 350 species; 
(4) Gnetalest a small group with only about 50 species. 

1. Cycad ALES. —The cycads are very ancient seed plants (Fig. 147) 
that resemble palms closely. A familiar example is the ‘^sago palm,’’ used 
often to deeorate churches on Palm Sunday. 
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2. Ginkgoales, —This group of gymnosperms contains only one living 
species, the Ginkgo hilobay often called the maidenhair tree because its 
leaves suggest the leaves of the maidenhair fern. Because of the large 
number of fossil remains of this species and because of certain primitive 
features, especially in its method of reproduction, it has been called a 
living fossil. The ginkgo is a native of China but it is much cultivated in 
this country for ornamental purposes. 

3. The Gnetales. —Most of the plants in this group are leafless 
shrubs, trees, or vines in the desert. Some live in moist tropical forests. 

4. The Coniferales. —By far the most important group of gymno- 
sperms are the Coniferales. Representatives of the group are pines, firs, 
hemlocks, cypresses, and tamaracks. 

а. General Features. —These plants have typically excurrent stems 
(page 117) and bear evergreen leaves that remain on the tree from 3 to 
5 years. However, certain members of the conifer groups, such as tamarack 
and bald cypress, shed all their leaves in the fall and are, therefore, 
deciduous. 

б. The Pine. —As a^presentative of the life cycle of the gymnosperms, 
the pine may be used. This familiar tree has a stem that is straight and 
continuous from the base to the top (excurrent). The branches usually 
grow in whorls, the lower ones being longest. This gives the tree the cone 
shape characteristic of the conifers. 

(1) Sporophytk and gametophyte.— Vino cones are of two types; 
staminatey which produce pollen, or microspores (page 162), which pro¬ 
duce the male gametophyte, and carpellate (page 162) cones, which 
bear the megaspores (Gr. megaSy large; spora^ seed) which produce the 
female gametophyte. The pine tree that bears cones represents the 
sporophyte generation. The gametophytes of the pine have the same 
function as all other gametophytes, i.e.y the production of gametes, or 
sex ceMs. In the pine, however, the male gametophyte is reduced to a 
few cells that arise inside the microspores, or pollen, but it is here that the 
male gametes, or sperm cells are produced. The female gametophyte is a 
small mass of tissue that arises inside the megasporangium (nucellus). 

Reduction division in the gymnosperms occurs during meiosis (page 
705) at the time of spore formation by the sporophyte. The gametophytes, 
therefore, have the haploid number of chromosomes. When the egg and 
sperm unite, the diploid number is restored, and the cells of the sporo¬ 
phyte, which develop from the zygote, contain a diploid number. This 
provides for cross-fertilization and all that this implies, i.e.y a reassort- 
ment of chromosomes which brings about variation, etc. (page 716). 

(2) Pollination and fertilization, —It is not necessary to describe 
in detail the complicated phases of the reproduction of the pine. The 
events in the life cycle, however, are interesting. Figure 146jP shows the 
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position of the ovules in the carpellate cone. When the gametes are ripe, 
the pollen, carried by the wind, falls on the ovulate cone. At this time, 
the scales of the cone are slightly spread apart, and the ovules hav^ 
secreted a little sticky, resinous material. Into this the pollen grains 
fall. When the ovulate cones are ready for the reception of the pollen, 
they occupy an erect position at the ends of the twigs. This is a favorable 
position, since the pollen slides easily down between the scales until it 
reaches the sticky ovule at their base. The scales now “close up’’ i.e., 
they fit over each other tightly; then the cone turns downward. From 
1 to 2 years is required for the seeds to develop. In certain species of 
conifers, the seeds become mature in a single year; in others, as is the case 
with most pines, 2 years are necessary. During this period, the male and 
female gametophytes develop in the microspores, or pollen, and in the 
megaspores in the ovules; male and female gametes (the sperm and eggs) 
are produced by the gametophytes; and finally fertilization takes place. 

(3) Seed dispersal and germination. —When the seeds are mature, 
or ripe, the cone dies. As it dries, the scales curl back, and the seeds drop 
out. The seeds number two to each scale. Each seed is provided with a 
“wing” (Fig. 146) that aids it in “flying’' to a new location some distance 
away from the mother tree. Usually a prolonged rest period ensues before 
the seeds germinate. A sporophyte develops from the seed. 

Summary of the Life Cycle of the Pine 

In outline form, the life cycle of the pine is as follows (Fig. 14(1): 

1. Microspores and pollen are formed in the inicrosporangia of the staminate cone. 

2. Two sperms are developed in the pollen grains. 

3. Pollen grains are liberated from inicrosporangia (by dehiscence). 

4. Megaspores are formed in the megasporangia, or ovules, of the carpellate (ovulate) 
cone. 

5. The female gametophyte is developed from the megaspore within the ovule. 

6. Archegonia are formed; each contains an egg cell. 

7. Pollination occurs; the pollen tube grows into the archegoniuni. 

8. Fertilization occurs; zygote is formed from union of egg and sperm. 

0. Embryo develops from fertilized egg. 

10. “Endosperm” (not the same thing as endosperm of the angiosperms) develops 
further. 

11. Seed coats develop from ovule coats. 

5. Advances of the Gymnosperms over the Pteridophytes.— 
In comparing the differences between a fern and a pine, it will be recog¬ 
nized that the pine has a greatly enlarged root structure and larger stems. 
The vascular systems of the pine are more highly developed. But the 
greatest advance of the gymnosperms over the fern group is the ability 
of the gymnosperms to produce seeds. 

D. Angiospermae. —These are the flowering plants that are most 
familiar. There is a great diversity in the flowers in size, color, and forms. 
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MONOCOTYLEDONS DICOTYLEDONS 



CORN 



COTYLEDONS 




BUNDLES scattered 




USUALLY PARALLEL VEINED, 
LEAVES WITH SMOOTH MARdlNS 
AND CLASPING BASES 


LEAVES 



USUALLY NET-VEINED, OFTEN 
TOOTHED, LOBED, OR COMPOUND. 
GENERALLY WITH PETIOLES 



FLOWER PARTS USUALLY IN 
S'S, 6'S OR 9'S 


FLOWERS 



Fig. 148.«—A comparison of monocots and dicots. (B. SKamoi.) 
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As has been pointed out, the plants range in size from small plants like 
duckweed, floating on the water, to gigantic trees 300 or more feet tall. 
Some are very short-lived, the life span being only a few weeks; others live 
for several centuries. The seeds are borne in closed structures, the ovaries. 

The structures of a flowering plant have already been described 
(page 99) and need not be repeated here. It is desirable that the student 
review these chapters, especially the structures of flowers and their 
relationship to each other. 

The angiosperms arc subdivided into two great subclasses, the Mono- 
cotyledoneae and the Dicotyledoneae. The differences between the two 
subclasses are illustrated in Fig. 148. 


Characters 

Monocots 

Dicots 

Number of leaves produced by the 
seed. 

1 

£ 

Vascular bundles in stem. 

Often scattered (cambium 
absent) 

Usually paralled 

Usually smooth 

Usually 3 or 6 

In cylinders (cambium 
present) 

Usually netted 

Often tooth^lobed 

Veination in leaves. 

Leaf margins. 

Number of sepals, petals, etc. 

Commonly 4 or 5 



There are, naturally, other differences. 



Fig. 149.*—Columbine (Aqullesla) Ranunculaceec (buttercup or crowfoot) family. (Hastingt 

Seed Company.) 

1. Dicotyledoneae (page 205).—The dicots constitute the largest 
group of seed plants, including many forest trees, such as oaks and maples 
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and most of our fruit trees. The sporophyte is the conspicuous plant, 
the gametophytes being even more reduced than they are in the 
gymnosperms. 

A few of the most important families are briefly described below: 
a. The Buttercup Family; Ranunculaceae (L. ranunculuSy medicinal 
plant).—Mostly herbaceous plants, Clematw being an exception; in 
general, pollinated by insects; flowers mostly symmetrical and perfect; 
buttercups, anemones, hepaticas, marsh marigold, columbines (Fig. 149). 

b. The Rose Family; Rosaceae 
(L. rosa, a rose).—Distinguished 
from the buttercup family by the 
fact that the receptacle grows up 
around or is fused with the ovary; 


Fig. 150. Fig. 151. 

Fig. 150.—Hawthorn (Crataegus) Rosaceae (rose) family. (Dr. E. H. Runyon.) 

Fig. 151 .*^ress or Cardamine. The flowers in this family get their name from the arrange¬ 
ment of the four petairpf the flowers In the form of a Maltese cross. Cruciferae (mustard) 
family. (L. Runyon.) 

five petals are usually present and are separate from each other; familiar 
rose plants, cinquefoil, strawberry, spireas, hawthorn (Fig. 150), crab 
apple, wild cherry, apple, peach, etc. 

c. The Mustard Family; Cruciferae (L. crtLSy a cross).—Four petals 
arranged so that they resemble a Maltese cross; hence the name; four 
petals, four sepals, and six stamens, of which four are longer than the 
other two; petals arranged alternately with sepals; candytuft, wall flower, 
alyssum, cabbage, water cress (Fig. 151), radish, Brussels sprouts, etc. 

d. The Pea Family; Leguminosae (L. legerCy to gather).—Cultivated by 
man since ancient times; fruit is a pod that develops from a single carpel: 
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most pods split open at maturity, but a few do not (peanut) (Fig. 15%A); 
flowers usually irregular, perfect and complete; a few poisonous, e.g.^ 
loco weeds (Fig. which are poisonous to livestock; some of great 

economic importance, as peas, beans, lentils, peanuts, clover, vetch, and 
alfalfa; oniamental types, sweet peas, wisteria, Judas tree or redbud; 

black locust and other types used for 
timber. 

e. The Carrot Family; Umbelliferae (L. 
umhella^ dim. of umboy shade).—Shape of 
the uinbel suggests an umbrella (Fig. 105/)); 
flowers may be in simple or compound 
umbels; individual flowers, yellow or white. 


Fis. 152.--(A) Peanut plant (Arachis hypogea). After the stamens and corolla drop oR, 
the flower stalk elongates and carries the developing ovary into the ground where the peanuts 
develop. (B) **Loco weed** (Astragalus molissismui). GitHe which eat this weed behave 
peculiarly and are said to be **loco.'* Leguminosae (pea) family. 

are small and inconspicuous; herbaceous annuals or biennials; Queen 
Anne’s lace, garden carrot, celery, parsley, dill; harmful species, poison 
hemlock. 

/. The Mint Family; Labiatae (L. labiumy lip).—Flowers irregular and 
two-lipped; four-sided stem; leaves simple and opposite; spearmint, 
peppermint, thyme, and sage furnish flavors; salvia, catnip. 

g. The Potato Family; Solanaceae (L. solanuniy nightshade).—Flowers 
five-parted; petals and calyx usually fused to form a tube; fruit ripens into 
a berry, sometimes quite large as eggplant and tomato, or into a dry 
capsule, as in the Jimson weed and tobacco; drugs obtained from many 
members of this family—solanin, belladonna, nicotine, capsicum, atropine 
(henbane. Fig. 153); important to man are potato, pepper, etc.; orna¬ 
mental types, petunia, bittersweet; troublesome weeds, horse nettle, 
buffalo bur, nightshade. 
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h* The Figwort Family; Scrophidariaceae (so called because it was 
reputed to be a remedy for scrofula, or from its knotty root).—Annuals 
or biennials; flowers more or less irregular, some having two-lipped 
corollas (snapdragon), and produced in racemes (Fig. 105^); ovary con¬ 
sists of two coalesced carpels, which matures into a dry capsule; foxglove 
(Fig. 154), mullein, toadflax, figwort. 

i. The Sunflower Family: Compositae (L. compositus^ made up of 
parts).—^Largest group in the plant kingdom; flowers are small and 



FI9. 153.-^H«nb«ne (Hyoscyamut nlger). A drug from this plant is used In ccitafn 
types of indigestion. Solonaceae (potato) family. (College of Pharmacy, University of 
Minnesota.) 

.f 

grow into a “head,” which is usually called the flower; anthers form a 
tube or sheath around the style; flowers irregular (Fig. 155): troublesome 
weeds, ragweed, cocklebur, burdock, Spanish needle, all true thistles, 
and goldenrod; ornamental plants, chrysanthemums, zinnias, dahlias, 
asters, marigolds; best known food plants, artichokes and lettuce. 

3 . The Amentiferae (L. amentum, thong, strap).—A group of families 
that cannot be discussed here in detail; all members of these families are 
trees or shrubs; flowers borne in catkins (aments); the beech family 
(Fagaceae), beeches, oaks, chestnuts; the birch family (Betulaceae), 
fdderst birches and hazelnuts ; the walnut family (Juglandaceae), walnuts 
and hickories; the willow family (Salicaceae), willows^ aspens, poplars* 
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2 . Monocotyledoneab (page 205).—Although the monocotyledons 
are a much smaller group that the dicotyledons, they are of great impor¬ 
tance to man; they include important crop plants, wheat barley, oats, 
corn, etc., as well as some of the most prized flowers, as lilies, tulips, and 
orchids; all have one seed leaf. 

Some important families of the monocots are the following: 
a. The Lily Family: Liliaceae (L. lilium, lily).—Leaves usually 
parallsl-veined; exceptions to this as in Trillium; calyx and corolla look 
alike; hyacinths, tulips, lilies, trilliums, onions (Fig. 158). 



Fis. 154.—Foxglovt (Digitalit purpurea), the plant from which it obtained the drug 
digitalis used in the treatment of heart troubles. Figwort family. (College of Pharmacy of 
the University of Minnesota.) 

6. The Orchid Family: Orchidaceae (Gr. orchis^ testicle).—Grow 
best in moist tropics; aerial roots that enable plants to absorb mois¬ 
ture from the atmosphere; much-prized beautiful irregular flowers; 
lady’s-slipper. 

c. The Grass Family; Gramineae (L. gramen, graminis, grass).—One 
of the most important families; flowers of grasses borne in spikes or 
panicle4ike clusters; difficult to identify because parts of flowers are small 
and much reduced in number; no true sepals or petals present; harmful 
examples, Johnson grass and sand bur, which crowd out desirable plants; 
useful crop plants, corn, wheat, oats, rye, rice, millet, sorghums, sugar 
cane. 
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DISC FLOWER 



HEAD OF SUNFLOWER 



DISC LONGITUDINAL 

FLOWER SECTION OF 

DISC FLOWER 


(enlarged) 



Fig. 155.—(A) Diagram of lh« head of a tunRowtr. (B) Disc flowers, much enlarged. 
These flowers are capable of reproduction. (C) Ray flower, a sterile flower. In a mature 
sunflower "head," one seed is formed in each disc Rower. Composite family. (L. Runyon.) 



Fig. 156.—Mountain laurel (Kalmla). The anihen are held in little pockets but they 
will snap up if a bee or other insect alights upon it thus covering it with pollen. Heath family. 
(Dr. E. H. Runyon.) 
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d. The Cattail Family; Typhaceae (Gr. typhe, a plant used for 
stuffing beds).—Small family with 9 of 10 species that grow in wet, 
marshy places; interesting flowers, dense spike with staminate flowers 
above and pistillate flowers below; after flowering, staminate flowers fall 



Fis. 157.—Representatives of the masnolia family. (A) Relatively simple flowers of 
the tulip tree (Liriodendron tulipifera). (B) Flowers of the masnolia tree (Masnolia grand!- 
flora). (Dr. E. H. Runyon.) 



Fig. 158.—Representatives of the lily and lily of the valley families. (A) Solomon’s teal 
(Poiygonatum). (A. Furman.) (B) Lily of the valley (Convallarla). (Dr. E. H. Runyon.) 

off, leaving axis above pistillate portion bare; as fruits ripen, the spike 
becomes dark brown. 

li. Gametophytes and Sporophytes in the Plant Kingdom 

A. Definitions.—A gametophyte bears the gametes or sex cells; it 
begins with a spore and ends with the fusion of gametes. A sporophyte 
bears spores; it begins with a fertilized egg or zygote and ends in tihe 
formation of spores. 
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B. Chromosome Constitution. —The cells of the gametophyte contain 
the haploid number of chromosomes (page 702); the cells of the sporo- 
phyte contain the diploid number of chromosomes (page 702). The 
reduction division occurs when the spores are formed. The endosperm 
of the angiosperms is formed from the fusion of three nuclei (page 705) 
and has, therefore, a triploid number, or three haploid sets, of chromo¬ 
somes. The so-called endosperm of gymnosperms Is not homologous with 
the endosperm of angiosperms. It is gametophyte tissue that develops 
from the megaspore and contains the haploid number of chromosomes. 
The endosperm of the angiosperms is neither gametophyte nor sporophyte 
but is called xeniophyte (Gr. xenophyes, strange in shape or nature). 

C. Dependent and Independent Phases. —The gametophyte is the 
most conspicuous phase of most Algae, liverworts, and mosses, the 
sporophytes in these plants being partially dependent upon the gameto- 
phytes; in ferns, the sporophyte is the conspicuous phase, though both 
the sporophyte and the obscure gametophyte are independent plants; the 
sporophyte is the conspicuous phase in the brown seaweeds and in 
the seed plants. In these the gametophytes are reduced to a few cells and 
in seed plants are dependent upon the sporophyte. 

ill. The Economic Importance of Plants 

The importance of plants to man is discussed in Chaps. XLVIII and 
XLIX. It is sufficient here to point out that a nation must produce the 
food it needs or perish. The whole science of agriculture is bound up with 
the economy of the nations. In addition to the use of plants as food, 
plant products, such as lumber, cotton, and other fibers, oils, drugs, and 
many others (page 807) are of value beyond calculation to man. On the 
other side of the picture, many plant and animal diseases are caused by 
bacteria and other Fungi, and these affect our health and crops (pages 
806 and 849). 

Quettions 

1. What is the chief diflference between the gymnosperms and the angiosperms? 

2. What kinds of plants are in the gymnosperm group ? What is meant by **a living fossil’* ? 

3. Give a summary of the life cycle of a pine. 

4. Contrast the characteristics of the monocots and the dicots. Which of these two groups 
probably represents the latest development in the plant kingdom? 

6. Trace the evolution of the sporophyl o and the gametophyte from the liverworts, through 
all the plant groups, to the angiosperms. 
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Part III 
ANIMALS 

A, Morphology and Physiology of a Typical Vertebrate, the Frog 

B. The Animal Groups; Morphology and Physiology of Representa¬ 
tive Types 




A. MORPHOLOGY AND PHYSIOLOGY OF A 
TYPICAL VERTEBRATE 

CHAPTER XVII 

THE ORGANIZATION OF A VERTEBRATE; THE FROG 

Of all the funny things that live, in 
Woodland, marsh or bog 
That creep the ground or fly the air, the 
Funniest thing’s a frog. 

—Anontmoos. 

The frog is an intermediate form in the vertebrate series; it is, there¬ 
fore, a good form with which to introduce a study of the vertebrates, or 
animals, in general, for that matter. The frog has similarities in structure 
with the animals below it in the scale of life as well as with those above it, 
including man. Frogs arc easy to obtain and easier to handle in making 
a study than many of the larger animals. 

There are many species of frogs, but the two most commonly used for 
study in the laboratories are the leopard frog (Rana jn/piens) and the 
Bullfrog (jR. catesbiana) (Fig. 159). The descriptions below apply to the 
leopard or grass frog, except where noted. 

A. Habitat.—The frog belongs to the class Amphibia (Gr. amphibios, 
living a double life). The leopard frogy so named because of its mottled 
appearance, is also called the grass frog, because it is often found in the 
wet grass. It frequents streams and ponds but does not stay so close to 
the water as the bullfrog does. 

B. External Features. 1. Symmetry. —The frog is bilaterally sym¬ 
metrical; i.e-y the two sides are alike. There is nothing to indicate the 
boundary between the head and the trunk. 

2. Limbs. —Four legs are present, the anterior pair being short and 
the long, powerful hind legs being folded when the animal is at rest. 
The forelegs possess four short digits or fingers (II-V) and a rudiment 
of the first (I), the thumb; the five digits of the hind limbs are joined 
together by a web. 

3. The Skin or Integument. —A frog is slippery and difficult 
to hold in the hand because of the smooth, moist, scaleless skin. This 
covers the body loosely and is covered with mucus secreted by mucus 
glands. Other glands in the skin secrete a fluid irritating to the skin. 
More of these glands are found in the toad than in the frog. The skin of 
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the frog has also black pigment spots, and, according to some authorities, 
green spots are present. These pigment spots are capable of contracting 
and expanding, thus enabling the frog to change its color. When the black 
pigment cells are expanded, the frog is dark; when they are contracted, 
they are light. Some frogs, especially tree frogs {Ilyla versicolor) y are 
able to change color rapidly. This enables them to match the background 
to some extent and so escape their enemies. Other functions of the skin 
are the protection of the underlying tissues from mechanical injury, 
prevention of the entry of bacteria, and protection from loss of water. 
The skin also serves the frog as an organ of respiration. 



DORSO-UTERAL FOLD.v, t 
(PLICA) 



Fis. 159.—^Three common frosty Reelfoot Lake, Tenn. (a) Bullfros, Rana catesbiana. (b) 
Northern sopher frog, Rana areolata. (c) Grass frog, Rana pipiens. (Dr. C. L. Baker) 


4. Eyes and Ears. —^The eyes of the frog are prominent and protrude 
a little, but they are withdrawn into their sockets when they are closed. 
A nictitating membraney or third eyelid, can be drawn up over the eyeball 
from below. Birds and crocodiles possess a similar membrane in addition 
to the two eyelids. In man, this membrane is represented by a small fold 
in the corner of the eye next to the nose. 

Behind the eye is a tightly stretched membrane, the tympanum (L. 
tympanum^ a drum). This is the external ear. All these features can be 
foimd on any of the thr^ frogs illustrated in Fig. 159, Between the eyes 
is the brow spot (see below). 
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5. External. Openings. —The mouth extends across the anterior 
end. Near the anterior end will be found also a pair of external nares. 
At the posterior end is the anus, or vent, which is the posterior opening 
of the alimentary canal. 

C. The Skeleton.—A catalogue of the bones in a frog’s skeleton 
would be out of place here. Only the main bones will be mentioned in 
order to give an idea of the construction of the vertebrate skeleton. The 
skeleton largely determines the form of the body, furnishes support and 
protection for the softer parts, and serves as a framework for the attach¬ 
ment of muscles. 

The frog skeleton is made up of bones and cartilages and is, as is every 
part of the body, supplied with blood vessels and nerves. The skeleton is 
composed of two main parts: (1) an axial skeleton, including the head 
(skull, jaws, etc.) and the vertebral column, and (2) the appendicular 
skeleton^ which is made up of the forelimbs with the pectoral girdle, and 
the hind limbs with the pelvic girdle. The bones are joined together by 
connective tissue in such a way as to allow movement between them, in 
some cases at the articulations or joints; in other cases, especially in the 
skull, the method of articulation allows for no movement; in still other 
cases—for example, between the vertebrae—there is limited movement. 

1. The Axial Skeleton, a. The SkulL —The skull is composed of 
bones and cartilage. Figure 160 shows the principal bones in the skull 
of a frog. The skull protects the brain and sense organs. In the central 
portion is the cranium^ a small elongated box, and between the cranium 
and the upper jaw are the capsules for the organs of special sense, the 
nose, the eye, the ear. The nasal capsules^ near the anterior end, enclose 
the nasal cavities. Into these cavities open the external nostrils from 
the outside and the internal nostrils from the mouth cavity. The eyeballs 
are lodged in the orbits, one on each side of the cranium. The internal ears 
are lodged in the auditory capsules posteriorly on each side of the cranium. 
The foramen magnum (Ij, foramen, an opening; magnum, large) is a large 
opening in the posterior part of the cranium through which the spinal 
cord passes to join the brain stem. Ventral to the foramen magnum is a 
pair of rounded projections, the occipital condyles (L. occiput, back of the 
head; Gr. condylos, joint, knob) by which the skull articulates with the 
vertebral column. 

fc. The Visceral Skeleton, —A part of the axial skeleton, made up of 
the jaws and the hyoid arch, is known as the visceral skeleton. The jaws 
are attached to the cranium by a suspensory mechanism composed of 
three bones on each side—the squamosal, the pterygoid, and the palatine, 

c. The Vertebral Column, —The frog has 9 vertebrae and an elongated 
posterior bone, the urostyle; man has 33 vertebrae (including those fused 
to form the sacrum and coccyx). Each vertebra consists of a cylindrical 
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solid centrum, dorsal to which is the neural arch enclosing the nerve cord. 
From the neural arch project three processes for muscle attachment, a 
dorsal neural spine and two lateral transverse processes. Between the 
vertebrae are pads of cartilage. The atlas is the first vertebra and is 
without transverse processes. It has, however, a pair of oval facets for the 
articulation of the skull. The frog lacks ribs, which in many other verte- 



Fis. 160.—The skeleton of a fros. (L. Runyon.) 


brates form an important part of the framework of the body; man has 

pairs of ribs. 

2. The Appendictjlar Skeleton, a. The Pectoral Girdle and 
Sternum .—These form the anterior portion of the appendicular skeleton 
and furnish protection for the heart, lungs, and other organs in the 
anterior part of the body. They also serve as support for the weight of 
the body, as shock absorbers, and as a place of attachment for the fore- 
limbs and muscles. There is no direct connection with the vertebral 
column. For the names of the bones in the pectoral girdle and their 
relations to each other, see Fig. 161. 
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h. The Forelimbs, —The bones of the forelimbs are the humerus^ which 
articulates with the glenoid fossa (Fig. 160) of the pectoral girdle at its 
proximal end and the radio-ulna at its distal end; the fused bones of the 
forearm, the radio-ulna; the six bones of the wrist, the carpals arranged 
in two rows of three bones each; the five metacarpals in the hand, the 
thumb being rudimentary and represented by tl^e small metacarpal only; 
four complete digits, or fingers, each extending from a metacarpal bone. 
In digits II and III are two phalanges; in digits IV and V are three 
phalanges. 

c. The Pelvic Girdle, —The pelvic girdle supports the hind limbs and 
furnishes a place for their attachment. It also vserves as a place of attach¬ 
ment for muscles. It consists of two sets of three bones each, the ilium, 
the ischium, and pubis (Fig. 160). The anterior end of each ilium is 
attached to one of the transverse processes of the ninth vertebra. Where 



Fis. 161.—The pectoral girdle of a frog. (B. Shamos.) 

the parts of each half of the pelvic girdle unite, there is a depression, the 
acetabulum^ in which the long leg bone, the/e7?mr, lies. 

d. The Hind Limbs. —The large leg bone, or femur, joins the girdle 
at the .socket-like acetabulum. The distal end of the femur articulates 
with the tibiofibula (fused tibia and fibula), and the distal end of the 
tibiofibula articulates with the tarsus^ or ankle. The ankle is elongated 
to give additional leverage for jumping. It is composed of two long bones, 
the tibiale and fibidare,* enclosing an oval space between them (Fig. 160), 
and two very small tarsal bones. Distal to the tarsals are five long meta¬ 
tarsals and, following these, five complete dfgits. fc digits I and H 
are two phalanges; in digits HI and V, three phalanges; in digit IV, four 
phalanges. A remnant of a sixth. t,oe>. the pnehallug^^oT calcary is,situate4i 
in the inside of the foot. AH'these bones and their relations to each other 
are shown in Fjg. 160. 

D. Motion and Locomotion. —In the frog, as in all except the lowest 
animals, movements, as well as position of the body, are brought about 
by contracting and relaxing of muscular tissue. In the frog, the muscular 
system is well developed, especially in the hind legs. In studying action. 

* TJke.oj^ragaliis B^i^calcaneus of the hi^^her vertehriB^t^^., 
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of muscles in laboratories, a nerve-muscle preparation of the gastronemius 
muscle and the sciatic nerve from the leg of a frog is often used. 

1. Functions of Muscles. —The functions of the muscles are (1) 
to move the parts of the body as in walking, leaping, breathing, etc., 
(^) to help the bones enclose the body cavities and thus protect the 
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Fis. 169.—(A) General dissection of a male frog, showing the location of the main 
organs. (B) Swollen digits on the forelimbs. (Adapted by B. F. Edwards. From Denoyer- 
Geppert Co.) 


delicate organs within, and (3) to assist the ligaments in binding the 
skeleton together. 

2. TYPia OF Muscles. —As shown by histological structure, there 
are three types of muscles: (1) smooth muscles, sometimes called involun¬ 
tary muscles, because they occur in the walls of such organs as the 
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stomach, the intestines, etc., which are not under control of the will; 
(2) striated miiscles, which are under the control of the will and are some¬ 
times called skeletal muscles y because many of them are attached to the 
skeleton; and (3) heart or cardiac muscles, which are also striated but which 
differ in cell structure from the skeletal muscles. The structure of skeletal 
muscle is shown in Fig. 24. 

3. Muscle Arrangement and Structure. —Muscle fibers are 
usually arranged in bundles enclosed in a sheath. The muscles themselves 
are usually arranged in pairs, and in these pairs one muscle “works 
against” the other or is said to be antagonistic. For example, if a muscle 
in the front of an arm contracts, the arm is bent; if on the other side of 
the arm another muscle contracts, the arm becomes straight again. 
Special terms are employed to indicate these two types of muscles; 
flexor, for bending, and extensor, for straightening. Other terms used for 
muscles to indicate movements performed by them are: adductor, one 
that draws the limb to the mid-ventral line of the body, and abductor, 
one that draws the limb away from the mid-ventral side of the body; 
levator, one that raises a part, as the lower jaw; depressor, one that lowers 
a part, as the lower jaw; rotator, one that rotates a part on another, as 
muscles at the wrist. 

The end of a voluntary muscle that is attached to a relatively fixed 
and immovable part is called the origin; the end that is attached to that 
part which moves is called the insertion. The parts of a typical striated 
muscle are (1) the tendons attached at its ends, (2) the membrane sur¬ 
rounding the muscle, the fascia, and (3) the fleshy part of the muscle, 
the belly. 

There are many muscles, several hundred in the higher animals, and a 
detailed description of them would be out of place here. Reference to Fig. 
162 will show the general arrangement of muscles in bands on the fore- 
and hind limbs. 

E. The Mouth Cavity. 1. Lining of the Mouth. —The frog has a 
wide mouth cavity, which is lined by mucous membrane. This is ciliated, 
except on the tongue. 

2. The Tongue. —Small projections, or papillae, on the tongue are 
thought to be organs of taste. The tongue is fastened to the floor of the 
mouth at the anterior end. The posterior end of the tongue is notched 
and free. It is covered with a sticky mucus and can be thrown out to a 
considerable distance with lightning-like rapidity (Fig. 163). Any insect 
that is touched by this sticky tongue is certain to be caught! The tongue 
is then withdrawn to its proper position and the prey, insect, earthworm, 
or other animal small enough to be swallowed, is delivered to the animal’s 
throat, where it is swallowed whole. The frog will eat almost anything 
that moves and is small enough to be swallowed. 
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caught/ 


3. The Teeth. —The food is held in position by the teeth. Two types 
of teeth are present, the maxillary teeth along the edges of the upper 
jaw and the two groups of vomerine teeth in the 
roof of the mouth near the anterior end (Fig. 
162). 

4. Openings in the Mouth. —On the roof of 
the mouth, near the anterior end, are two openings 
for the posterior nares^ or nostrils. Further back 
are the two apertures for the Eustachian tubes, 
which connect the mouth cavity with the middle 
ears. In the back of the mouth is a small raised 
area with a longitudinal slit, the glottis^ through 
which the air passes to the lungs. In the posterior 
end of the pharynx, behind the glottis, the mouth 
leads through the pharynx to the esophagus. The 
location of all these openings is seen in Fig. ’'62. In 
the male, openings to the air sacs are present. The 
position of these varies with the species of frog 
(Fig. 164). 

F. The Body Cavity and Its Contents.—If a 
longitudinal incision be made in the ventral wall 
of the frog, the internal organs, or viscera, in the 
body cavity will be exposed. The body cavity is called the coelom (Gr. 
IcoUos, hollow). 

1. The Heart and Lungs. —The heart may beat some time after 
the frog has been chloroformed, even though its head has been cut off. 



Fig. 1 63. — The 
tongue of a frog is useful 
in catching insects. (B. F. 
Edwards.) 



It lies in the pericardial (Gr. peri, around; kardia, heart) cavity and. is. 
enclosed in a thin membranous sac, the pericardium. On either side of 
the heart will be seen the two lungs. The windpipe, or trachea, runs from 
the larynx to the lungs. The trachea bifurcates near the lungs to send a 
branch to each lung. Unless the lungs are inflated, they will be concealed 
by other structures. 

2. Organs in the Abdominal Region.— In the frog, there is no parti¬ 
tion separating the cavity containing the he.art and lungs from the. 
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abdominal cavity containing the stomach, intestines, etc. In the higher 
animals, the cavity containing the heart and lungs is designated as the 
thoracic cavity^ and this is separated from the abdominal cavity by a 
muscular partition called the diaphragm (Gr. diaphragma, partition). 

Below the heart is the large, dark red, three-lobed liver; between 
the right ^d left lobes of this gland is the gall bladder. On the right of 
the livens the stomach, attached anteriorly to the esophagus, which, in 
turnVdronnects with the mouth cavity and, posteriorly, with the small 



Fig. 165.-—(A) Male urinogenital system. (B) Female urinogenital system. (C) Side view 
of the cloaca of the male showing relation of parts. (D) Side view of the cloaca of the female. 
(Adapted from a chart by B. F. Edwards. From Denoyer-Geppert Co.) 


intestine. The small intestine widens into the large intestine, or rectum, 
and this empties into the cloaca (L. cloaca, a sewer). Into the cloaca open 
ducts from the kidneys and reproductive organs (Fig. 165). The pancreas 
lies in the loop between the stomach and the anterior part of the small 
intestine (duodenum). 

# The kidneys are flat, reddish bodies attached to the body wall. The 
two testes, or reproductive organs of the male, are in close connection with 
the kidneys (see below). During the breeding season, the reproductive 
organs of the^male, the ovaries and the oviducts, almost fill the body 
cavity. 
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3. The Mesenteries, or Connective-tissue Membranes. —These 
suspend the alimentary canal, its appendages, and reproductive organs 
in the coelom and hold them in place. The coelom is lined with membrane, 
the peritoneum (Gr. peritonos^ stretched around or over). This is the 
parietal peritoneum. Investing the viscera is the visceral peritoneum. 

Between the stomach and the large intestine, adhering to the left 
surface of the mesentery is a small red body, the spleen. 

Finally, a thin-walled, bilobed sac, the bladder, lies in front of the 
large intestine. Prom it is a duct that opens into the cloaca (Fig. 165). 
The relationship to each other of all the organs mentioned will be seen 
in Fig. 162. 

G. Digestion. 1. The Organs of Digestion. —The mouth of the 
frog leads into a short esophagus that connects with the cardiac (L. 
kardia, heart) end of the stomach (so named because it is the end nearest 
the heart). The lower end of the stomach is the pyloric end that opens 
into the small intestine through the pylorus (Gr. pylorm, gatekeeper). 
This opening is guarded by a sphincter muscle, the pyloric valve. 

The intestine is divided into four regions: (1) the duodenum, (2) the 
ileum, (3) the rectum, and (4) the cloaca. The duodenum {L.duodeni, 
12 each), so called because in man it is about 12 finger breadths in length, 
and the ileum form the small intestine; the rectum and the cloaca form 
the large intestine. The duodenum is relatively short and receives ducts 
from the liver and the pancreas; the ileum is longer and much more coiled. 
The ileum leads into the large intestine, which, in turn, is joined to the 
cloaca. The cloaca receives ducts from the kidneys, the bladder, and 
the reproductive organs (Fig. 165). The cloaca opens at the posterior 
end through the anus. In the higher animals, there is no cloaca in the 
adult, the rectum opening through the anus. As noted above, the entire 
digestive tract is suspended from the dorsal body wall by a thin, trans¬ 
parent mesentery, the peritoneum. 

2. The Structure of the Stomach and the Intestine. —The 
esophagus, stomach, and intestine have outer longitudinal and inner 
circular layers of smooth muscle. It is through the contraction of these 
muscles that the food moves along the digestive tract in peristaltic {Gr. 
peri, around; stalsis, construction) waves. As the food moves along, it 
is thoroughly mixed with the digestive juices. On examination, the 
structure of the wall of the stomach is found to be composed of five 
layers: (1) an outer thin layer, the serosa or serous membrane, (2) a tough 
longitudinal muscular layer, (3) a circular muscular layer, (4) a spongy 
layer, the submucosa, and (5) an inner folded mucous layer, the mucosa. 
The mucosa is a thick layer in which are many small tubular glands 
supported by connective tissue. These glands secrete the gastric juices. 



THE ORGANiZATION OF A VERTEBRATE 


235 


There are five layers in the wall of the intestine also: (1) a thin outer 
layer, the peritoneum^ (2) a layer of longitudinal muscles^ (3) a thicker 
layer of circular muscles, (4) a connective tissue layer, the submucosa, 
containing many blood vessels, and (5) the mucosa, covered with a 
mucosal epithelium. In this epithelium are two types of cells: (1) absorp¬ 
tive cells, which are concerned in the process of absorption of digested food, 
and (2) goblet cells, which probably produce mucus. The mucosa is thrown 
into many folds, but there arc no true villi such as are characteristic of 
the higher animals (Fig. 166). 



FiS. 166.—Diagram of a cross section of the small intestine of a frog. The mucosa of the 
small intestine is thrown up in folds but there are no true villi such as are found in the higher 
vertebrates. (F. Baker.) 


3. The Events of Digestion. —Aside from the important function 
of food storage, the stomach serves the digestive process in two ways: 
(1) by mechanical churning and (2) by the secretion of enzymes. The cells 
lining the mouth secrete mucus, which lubricates the food, rendering it 
easy to swallow. No digestion takes place in the mouth of the frog such 
as occurs in some of the higher animals, because there are no enzymes in 
the fluid of the mouth to act on the food. In the walls of the esophagus 
are glands that secrete an alkaline digestive fluid. This becomes active 
when mixed with the hydrochloric acid of the stomach. Glands in the 
stomach of the frog and the higher animals secrete enzymes that concern 
digestion. One of these is pepsin, an enzyme through whose agency 
protein foods are changed to soluble form. 
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The partially digested food passes by 'peristalsis along through the 
lower or pyloric end of the stomach and through the pylorus^ a valve-like 
opening into the anterior part of the small intestine, the duodenum 
(page 234). Here the intestine receives secretions from the liver and the 
pancreas (Fig. 167)l|The bile, secreted by the liver, is stored in the gall 
bladder until it is discharged into the small intestine. Bile is alkaline in 
character and aids in the absorption and digestion of fats. The liver also 
stores up, as a reserve food, animal starch {glycogen). It is not, however, a 
digestive organ primarily, since it produces no digestive enzyme. 

The pancreas (Gr. pan, all; kreas^ flesh) is an irregular, ribbon-shaped 
gland lying in the angle between the stomach and the duodenum. It 
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Fis. 167.—The liver and pancreas of a fros. (L. Runyon.) 


secretes three important enzymes: (1) trypsin, which is concerned with 
the changing of proteins into simpler substances; (2) amylopsin, through 
the agency of which starches are changed to simple sugars; and (3) 
lipase, which is instrumental in the changing of fats into fatty acids 
and glycerin. Other enzymes are secreted in the intestine; one of these 
is erepsin, secreted by cells in the duodenum, which causes the change of 
the remaining peptones into amino acids, V 

After the food has been acted upon by all these enzymes, it is in a 
form that can be absorbed through the intestinal walls into the blood 
stream and the lymph system. The undigested food accumulates in the 
slmi rectum and finally passes into the cloaca. The contents of the cloaca, 
known as feces, are expelled through the anus. Openings into the cloaca 
of the frog are, in addition to the intestine, two ureters, two reproductive 
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ducts, and the bladder. The relationships of all these will be seen in Fig. 
165. 

H. Circulation. 1. The Blood Vascular System. —This system 
may be regarded as having three components: (1) a circulating medium, 
the hlood; (2) a pumping organ, the heart; and (3) vessels for transporta¬ 
tion, arteries^ veins^ and capillaries. 

a. The Blood. —The blood may be considered as a living tissue in 
which the fluid portion, the plasma, is the intercellular substance or matrix 
and the corpuscles are the cells. 

(1) The corpuscles, (a) Red Corpuscles.—The red corpuscles or 
erythrocytes (Gr. erythros, red; kytos, hollow vessel), carry the coloring 
matter of the blood, the hemoglobin (page 565). On account of its affinity 
for oxygen, hemoglobin is important to the respiratory processes. An 
enormous number of red corpuscles are present that give the blood great 
power for carrying oxygen. The red corpuscles of the frog, like those 
of birds, contain nuclei (Fig. 3850). In man, the red corpuscles have 
nuclei when they are first formed in the red bone marrow, but they are 
cast out before the corpuscles get into the blood stream. 

(5) White Corpuscles.—White corpuscles or leucocytes (Gr. leukos, 
white; kytos, cell), are less numerous, and, in the frog, they are smaller 
than the red corpuscles. Some types engulf worn-out tissues and invading 
bacteria, much as an amoeba engulfs food (page 567); for this reason, 
they are called phagocytes (page 567). For other types and functions of 
white corpuscles, see page 567. 

(c) Spindle Cells.—Other blood cells are spindle cells or thrombocytes^ 
which are smaller than either red or white corpuscles. According to some 
authorities, the spindle cells play some part in the clotting of blood. 

(2) Plasma. —The plasma of the blood is mostly water with many 
substances dissolved in it. These include mineral substances, food and 
waste substances in process of transportation, enzymes, hormones, gases, 
and proteins that are a part of the blood itself. For example, fibrinogen, 
concerned with the power of the blood to clot (see also page 567). 

(3) Functions of the blood. —^The blood has many important 
functions, a few of the most important being mentioned here. For further 
details of the functions of the blood, especially in man, see pages 567 
to 571. 

(a) Transportation.—The blood is the great transportation medium, 
transporting foods, dissolved salts, water, and secretions from the various 
glands. The hemoglobin of the red blood cells absorbs oxygen from the 
lungs, and, as the blood courses along, the oxygen is delivered to the 
tissues. The plasma carries most of the carbon dioxide, which is taken to 
the lungs and given up. In addition, the blood also collects and removes 
wastes, such as carbon dioxide and urea from the tissues. 
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(2) The carotid arches* and their branches. —Each carotid 
artery divides into external and internal branches. The external carotid, 
or lingual artery, supplies the tongue and neighboring parts; the internal 
carotid artery gives off the palatine artery to the roof of the mouth, 
the cerebral artery to the brain, and the opthalmic artery to the eye. The 
carotid gland, a spongy structure that helps regulate the pressure of the 
blood passing into the artery, is situated at the base of the internal 
carotid artery. 

(3) The systemic arches and their branches. —Each systemic 
arch gives off an occipito-vertehral artery, one branc^li, the occipital, supply¬ 
ing the jaw and the nose and the other, the vertebral^ supplying the 
vertebral column; a subclavian artery^ which branches to the shoulder 
and body wall in that region, enters the arm as the brachial artery. 

(4) The dorsal aorta and its branches. —The systemic arches, 
after passing outward and around the alimentary canal, unite to form 
the dorsal aorta. Near the point of junction, the dorsal aorta gives off the 
coeliaco-mesenteric artery. This divides into a coeliac artery and an 
anterior mesenteric artery. The coeliac branches into two arteries, the 
right and left gastric arteries. The left gastric artery goes to the dorsal, 
or left, side of the stomach; branches of the right gastric artery go to 
the pancreas, to the liver, to the gall bladder, and to the ventral 
side of the stomach. The other branch of the coeliaco-mesenteric artery, 
the anterior mesenteric artery, supplies tlie blood to the spleen, the 
intestines, and the cloaca. 

Urinogenital arteries supply the kidneys, the reproductive organs, and 
the fat bodies. From four to six of these are given off from the dorsal aorta. 

A small posterior mesenteric artery is given off near the end of the 
dorsal aorta. This supplies a portion of the rectum and, in the female, 
the uterus. 

(5) The iliac arteries. —The dorsal aorta finally bifurcates into 
two common iliac arteries going to the legs. Each of the iliac arteries gives 
off an epigastric artery, which supplies the bladder and the dorsal and 
ventral body walls in that region, and a femoral artery (external iliac), 
which passes to the body wall, skin, and upper muscles of the thigh. 
Another branch, the rectovesical, goes to the rectum, bladder, and skin on 
the dorsal surface of the thigh. The branch of the iliac in the upper leg is 
the sciatic artery (internal iliac). Other branches arc given off at the knee. 

c. The Venous System. —Veins carry blood to the heart. They usually 
parallel the arteries, which carry the blood away from the heart. The 
veins have thinner and less elastic walls than the arteries. To prevent 
backward flow of blood, some of the veins have valves that open in the 
direction of the flow of blood. 

* Called also common carotid arteries. 
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The venous system may be divided into four main systems: (1) the 
systemic, (2) the hepatic portal, (3) the renal portal, and (4) the pulmonary, 
(1) The systemic system. —This is made up of the largest veins 
in the body and carries the largest volume of blood. These vessels carry 



differences in the vascular system in individual hogs. (Drawn by F. Baker from a dissection 
by B. Miller and F. McCaila.) 

blood from the limbs, brain, organs of digestion, and other parts of the 
body. 

(a) The Anterior Vena Cavae or the Precavals.—Each of the pre- 
cavals receives blood from three sources: (1) the external jugulars, bring¬ 
ing the blood from the tongue, floor of the mouth, and some other parts of 
the neck region; (2) the innominate vein„ which is formed by the union of 
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the internal jugulafy bringing the blood from the arm and other parts 
of the head, and the subecapulary bringing blood from the arm and 
shoulder; and (3) the subclavian vein, formed by the fusion of the brachial, 
returning the blood from the forelimb, and the large musculocutaneous, 
returning the blood from the skin and outer muscles (Fig. 169). 

(6) The Posterior Vena Cava or Postcaval.—This large vein has its 
origin between the kidneys. In this region, it receives four or five renal 
veins bringing blood from the kidneys and the genital veins bringing 
blood from the gonads. Near the heart, the postcaval receives two large 
hepatic veins, one from each side of the liver. It then enters the posterior 
end of the sinus venosus. 

(2) The hepatic portal system. —The two chief veins in the 
hepatic portal system are the hepatic portal and the abdominal. The 
hepatic portal is made up of (1) gastric veins, bringing blood from 
the stomach, (2) the splenic vein, bringing blood from the spleen, and (3) 
the mesenteric vein, bringing blood from the intestines. 

The veins in the hepatic portal system take the blood to the liver. 
Here it passes through a network of sinusoids (modified capillaries). 
Part of the food carried by the blood from the intestines is stored in the 
liver as glycogen, an animal starch that serves as a reserve food supply 
(page 546). After leaving the liver, the blood from the hepatic portal 
system enters the postcaval vein through the hepatic veins (see above). 

The abdominal vein arises in the following manner: Two large veins, 
the femoral and sciatic, bring the blood from the hind limbs. After 
entering the body cavity, the femoral vein, which continues under the 
name of renal portal vein, gives off a branch, the pelvic vein. The right and 
left pelvic veins unite to form the abdominal vein, which runs along 
the medial portion of the ventral body wall toward the heart. On its 
way, it receives the vesical veins from the bladder, the parietal veins 
from the body wall, and a cardiac vein from the heart. Near the liver, the 
abdominal vein receives a branch of the hepatic portal vein and then 
enters the liver. 

(3) The renal portal system. —As stated above, the blood is 
brought from the hind limbs by the femoral and sciatic veins. After the 
femoral vein gives off the pelvic vein, it continues a little way and then 
unites with the sciatic to form the renal portal vein. This vein sends 
several short branches into the kidney, where they break up into capil¬ 
laries. As the blood passes through the capillaries, some of the waste 
products are removed. The blood leaves the kidney by way of the renal 
veins mentioned above. There are four to six of these from each kidney, 
and they enter the posterior vena cava that originates in this region. 

(4) The pulmonary veins. —The pulmonary veins bring the oxy¬ 
genated blood to the heart from the right and left lungs. They unite 
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to form a single vein, which empties into the left auricle on the dorsal 
side. As has been said, the blood in the skin and mouth cavity also takes 
in oxygen. 

d. The Capillaries, —The ends of the veins are connected with the 
ends of the arteries by minute thin-walled vessels, the capillaries (L. 
capilluSy a hair). The arteries break up into smaller and smaller branches 
(arterioles), and these branches merge into a network of capillaries; 
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Fis. 170.—^The h«art of a fros laid open to show relation of parts. Somewhat diasrammatic. 

(F. Baker.) 


in the formation of veins, the reverse condition is true; i.e,y the capillaries 
merge into small veins (venules); these join to form larger veins; and so 
the venous system is formed. Capillaries arc important since it is only 
through tlieir walls that the exchange of materials between the blood 
and the tissues takes place. 

e. The Heart, —The heart (Fig. 170) is the central pumping station 
for the circulation of the blood. It lies in the pericardial cavity^ which is 
lined by a transparent tissue, the pericardium, 

(1) Structure of and circulation in the heart. —^The heart 
is made up of a thick, muscular, cone-shaped ventricle and two thin-walled 
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auricles, one on the right and one on ihe left. On the ventral side is a 
muscular tube, the conus arteriosus, which conducts the blood aw^ay from 
the heart; on the dorsal side is a thin-walled, triangular-shaped sac, the 
sirnis venosus, which receives the blood from the systemic veins. 

The right auricle receives the blood from the sinus venosus through 
the sinuauricular aperture. On eitlier side of the aperture are valves to 
prevent the backflow of the blood that has passed into the auricle. The 
left auricle receives blood from the pulmonary veins. The auricles are 
separated by the interauricular septum. From the auricles, the blood 
goes into the single ventricle through the auriculo-ventricular aperture, 
which acts as a common oi)eTnng for the two auricles. Backflow of the 
blood from the ventricles to the two auricles is preventefl by the auricula- 
veatricular valves. From the ventricle the blood goes to the coniu9 arteriosus. 
As will be se(‘n, the conus is connected with the arterial system, and so 
the blood enters the arterial system from the conus arteriosus. The 
opening of the conus arteriosus is ])rot(‘(!ted by three semilunar valves. 
Inside the conus is a spirally twisted, longitudinal flap, the spiral valve, 
the dorsal edge of which is attached, the other free. The function of 
this spiral valve is to help direct the flow of the blood into the arches. 
The relation of the i)arts of the heart will be seen in Fig. 170. 

(2) The events of the iieaiitbeat. —The heart beats in a wave-like 
manner, the sinus venosus contracting first, then the auricles, then the 
ventricles, and finally the conus. 'Fhe contracted state is called systole: 
the relaxed, diastole. Hie heart of a freshly killed frog will beat for some 
time, even after removal from the body. If immersed in a suitable medium, 
it will beat for several days. 

/. The Circulation. —The sinus venosus receives the venous blood 
from the posterior part of the body though the postcaval vein and 
from the anterior part of the body by the two precavals. From the sinus 
venosus the blood enters the right auricle through the sinuauricular 
aperture. The left auricle receives oxygenated blood coming from the 
lungs through the pulmonary veins. Since the auricles contract at about 
the same time, both kinds of blood will enter the ventricles at the same 
time. Because of the short time that it remains there, however, and 
because of the ridges in the walls of the ventricle, it does not mix to any 
great extent. The blood from the right auricle is nearest the outlet from 
the ventricle and will leave first when the ventricle contracts. It will 
pass to the channel of least resistance, the pulmonary arch, then to the 
lungs. There is less pressure in the pulmocutaneous arches than in others 
because the route is shorter. After the pulmocutaneous arches are filled, 
the conus contracts, bringing its ventral wall in contact with the ventral 
edge of the spiral valve. This, together with the action of valves, shuts 
ojBF the blood from these arches. It will then enter the carotid and systemic 
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arches. The carotid arches offer more resistance on account of a partial 
obstruction through the carotid gland.* For this reason, the blood will 
again follow the path of least resistance and enter the larger systemic 
arches first and, finally, the carotid arches. From all this, it will be seen 
that the blood that is most deficient in oxygen goes by way of the pulmo- 
cutaneous arches to the lungs to be oxygenated; then the blood flows 
into the systemic arches and so to all parts of the body. Finally, the 
purest blood goes through the carotid arches to the head region. 

The blood from the arteries goes through smaller and smaller branches 
until it reaches the capillaries. Food and oxygen are carried to the tissues 
in this way, since these go through the thin capillary walls by diffusion 
into the lymph, which bathes the tissues, and so are absorbed by the 
cells. Returning, the blood in the capillaries collects waste materials. 
Urea and other impurities go through the capillaries into the renal portal 
system of veins to the kidneys, where they are excreted. The hepatic 
portal system of veins, returning from the stomach and intestines, passes 
through the liver and deposits glycogen. The veins from the liver, however, 
empty into the ascending vena cava, and finally this large vein empties 
into the sinus venosus and then into the right auri(‘le of the heart. Tin? 
veins from the head region also bring blood by way of the precavals 
into the sinus venosus, and from there it enters the heart. The blood 
from the lungs and skin is brought to the left auricle by the pulmonary 
veins. Then the circuit begins again. The time of a comp>lete circuit is 
conditioned by temperature and other factors. In man, it is estimated 
that it takes about 23 seconds to complete one of the shorter circuits. 

The circulation of the frog can be observed easily in the web of the 
foot if the spread foot is placed under the microscope. It may also be 
observed in the tail of a tadpole. 

2. The Lymphatic System. —This system has four components: 
(1) the lymph, a fluid; (2) the lymph sinuses; (3) the lymphatics, the 
vessels in which lymph is carried; and (4) two pairs of lymph hearts, 

a. The Lymph ,—The lymph differs from the blood, in having no red 
corpuscles. It is a colorless fluid containing white corpuscles and having 
the power of clotting slowly. It may be derived from the blood by 
filtration. 

The Ivmph is the ‘‘middleman” between the blood and the tissues. 
Some substances in the blood pass through the thin-walled capillaries 
and so bathe the tissu^^ cells. These substances in solution, such as food 
materials and mineral salts, then pass into the tissue cells. Similarly, 
in a reverse direction, waste materials from the cells go through the 
lymph to the capillaries and through them into the blood stream. 

h. The Lymph Sinuses ,'—In the frog, there are connected lymph< 
sinuses and lymph ducts. Beneath the skin, there is a series of sub- 
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cutaneous lymph sinuses^ and the cavity of the body is, in reality, one 
large lymph sinus. Above the body cavity, separated from it by a sheet of 
peritoneum, is the large subvertebral lymph sinus. 

c. The Lymph Vessels. —The lymphatics are vessels in the wall of the 
intestine that absorb digested fats. They are called lacteah (L. Zac, nailk), 
because their contents have a milky appearance because of the fact that 
the digested fats are in the form of an emulsion. This milky substance 
is chyle (Gr. chylos, juice); it is discharged into the venous system. 

d. The Lymph Hearts. —Two pairs of muscular lymph hearts keep 
the lymph circulating in the frog. The anterior pair is beneath the shoulder 
bones, and the posterior pair is on either side of the tail bone or urostyle. 

I. Respiration.—When the frog was a tadpole, it used gills for breath¬ 
ing; when the tadpole became a frog, a pair of lungs of a simple type was 
already formed. 

1. Organs of Respiration. —The frog is able to receive oxygen 
and give up carbon dioxide through (1) its skin, (2) the lining of its 
mouth, and (8) its lungs. The moist, slimy skin is abundantly supplied 
with blood vessels. From the air or from the water, oxygen can pass by 
diffusion through the epidermal cells to the thin walls of the capillaries 
and then into the blood stream. The carbon dioxide can diffuse out by the 
same route, but in a reverse direction. To be able to use its skin as an 
organ of resjiiration is of sjiecial advantage to the frog when it remains 
under water. The lining of the mouth and the covering of the tongue 
are also abundantly supplied with blood vessels, and there is usually a 
constant renewal of air in the mouth when the frog is in a resting position. 
This is shown by the fact that there is a constant up-and-down movement 
of the floor of the mouth, even when the frog is at rest. When the frog 
is in the water, it may often be observed floating with the tip of its head 
or its “nose'’ only above the surface of the water. 

2. Mechanism of Breathing and Respiration. —The mechanism 
for breathing may be described as follows: The frog lowers the floor of its 
mouth, thus causing the air to flow in through the nares. The external 
nares are then closed by valves. By contraction of the floor of the mouth, 
the size of the mouth cavity is decreased, and this forces the air through 
the glottis into the short larynx and thence to the lungs (Fig. 171). 
Here the air diffuses into the air sacs, and the hemoglobin of the blood 
attracts the oxygen from the air, with which it forms a temporary com¬ 
bination (oxyhemoglobin). The blood then carries oxygen to all parts of 
the body. Carbon dioxide is brought to the lungs from the tissues by the 
blood; it diffuses into the air sacs of the lungs and is then exhaled. 

Breathing is not, strictly speaking, respiration. It is merely the 
changing of the air in contact with the respiratory system and therefore 
is a preliminary to respiration. In the frog, as we have seen, this system 
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includes the lungs, the skin, and the lining of the mouth. It may be said 
that respiration in vertebrates occurs in three steps: (1) breathing, (2) 
external respiration or the exchange of gases in the blood in the lungs, 
oxygen going in and carbon dioxide passing out, and, finally, (3) internal 
respiration, during which the oxygen of the blood is given up to the 
tissues of the body and the carbon <lioxidc is passed from the tissues to 
the blood. 

3. The Voice. —The respiratory system is also responsible for the 
production of the voice of the frog. Two vocal cords are present; these 
are elastic folds in the walls of the larynx. Croaking is produced by the 
vibration of the edges of the vocal cords when stretched. Males possess 
vocal sacs (Fig. 164). The scjunds emitted by frogs are more varied than 
is generally supposed. They include croaking, grunting, screams of pain, 


OLFACTORY 



Ff3. 171.—Diasrams to illustrate respiratory movements in the fros> (A) The external 
nares are open and air enters the beccal cavity. (B) External nares are closed, floor of the 
mouth raised and air forced into the lungs which now expand. (B. Shamos.) 


and sounds of alarm. Vocal cords are j^resent only in air-breathing 
vertebrates. Fish have no such organs. 

J. Excretion.—Two types of waste are eliminated from the body, 
the undigested residues left after the nutritive part of the food has been 
digested out, known as feces (L. faeces, dregs), and eliminated by way 
of the large intestine, and (2) the metabolic vmstes, t,e,, the wastes that 
result from metabolism. The process of removal of these waste products 
of metabolism is called excretion, and the organs that deal with them 
are the kidneys, skin, lungs, and liver. The kidneys are the most important 
excretory organs, since they excrete a large part of the metabolic wastes 
as urine. There are five types of metabolic wastes: (1) carbon dioxide, 
eliminated as a gas through the lungs, (2) excess water, (3) mineral 
salts, (4) nitrogenous wastes, chiefly urea and uric acid, and (5) small 
amounts of other soluble wastes. 

1, The Excretory System. —In the frog, the excretory system is 
very closely associated with the reproductive system, the two systems 
being usually referred to as the urinogenital system (Fig. 165). 
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a. Excretory Organs and Associated Structures, —In Fig. 162, which 
is a diagram of a general dissection, only the tips of the kidneys can be 
seen, but their position is indicated. They are a pair of flattened, elongated 
bodies, reddish brown in color, attached to the rear dorsal wall of the 
body cavity. On the ventral surface of each kidney is a yellowish, longi¬ 
tudinal strip crossed by many blood vessels. This is the adrenal gland. 
It is not concerned with either reproduction or excretion but produces 
adrenalin, a substance necessary to the life of the frog (see Endocrine 
System, page 626.) 

The frog has the mesonephric (Gr. mesos, middle; nepkros, kidney) 
type of kidney, more advanced than the more primitive kidney (pro¬ 
nephros) and not so highly advanced as the type characteristic of the 
higher animals (metanephros), The ducts of the frog’s kidney are usually 
spoken of as the ureters, but, strictly speaking, they are mesonephric 
ducts. They can be seen easily on the outer margins of each kidney 
(Fig. 165) as small white tubes. They run posteriorly and enter the 
dorsal wall of the cloaca (Fig. 165r and D) opposite the opening for the 
bladder. The bladder is a thin-walled, bilobed structure that lies in front 
of the cloaca and the large intestine. From the foregoing, it can be seen 
that the urine from the kidney enters the cloaca by w^ay of the ureters 
and then passes to the bladder for temporary storage. When filled, the 
bladder contracts and forces the urine back into the cloaca and to the 
outside through the anus. Some authorities say that a part of the urine 
may be expelled from the cloaca without passing into the bladder. It is 
estimated that the frog excretes about one-third of its weight per day 
in urine, whereas man excretes only about one-fiftieth of his weight in 
the same period of time. 

dr T^ructure of the Kidney, —In the frog, the kidney is made up of a 
larg e number of tubules. A t one end of the tubule is the renal corpuscle 
or Malpighian body (Fig. 172). This is made up of a thin double-walled 
capsule, the Bowman s capsule, enclosing a knot of blood vessels, the 
glomerulus (L. glomus, a ball). The renal corpuscle is joined on to a 
tubule, which, after several turns or convolutions, joins larger collecting 
tubules, and these, in turn, empty into the mesonephric ducts extending 
along the border of each kidney. 

On the ventral surface of the kidney of the frog are numerous ciliated 
funnels called nephrostomes (Gr. nephros, kidney; opening). The 

expanded ends of these open into the coelom and the other ends into the 
renal veins. The beating of the cilia creates a current of lymph from 
the body cavity into the blood. The wastes in the fluid thus forced into 
the branches of the renal veins are then eliminated by the kidney. 

_ j^^rEunctions of the Kidney, —^The chief function of the kidney is the 

elimination of metabolic wastes. In addition, it plays a role in maintaining 
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a constant level of body fluids and salts. In its tubules it may reabsorb 
glucose and some other substances and reintroduce them into the blood 
stream. 

There is a difference of opinion as to just how the kidney does its work. 
According to one view, water and dissolved salts filter through the walls 
of the glomerulus and the capsule and into the tubule; at the same time, 
certain other substances are being removed from the blood in the capil¬ 
laries surrounding the tubule and brought into the tubule through the 



Fis. 172.—Diasram thowins the relation of the uriniferout tubule and the renal corpuscle to 

the blood vessels. (F. Baker.) 

action of the epithelial cells of the tubules, a process of true secretion. 
Some authorities think that sugar and other substances are reabsorbed 
from the tubule and pass into the blood. 

By whatever method it is accomplished, the selective secretion and 
resorption action of the kidneys makes possible the maintenance of a 
fairly constant level of fluids and salts in the body. Urea^ (NH 2 ) 2 CO, is 
an end product of protein metabolism and is the principal constituent 
of the urine. It is built up in the liver and is carried by the blood to the 
kidp^?, where it is excreted. 

d. Fat Bodies ,—These are located at the anterior end of each kidney 
in front of the gonads. They consist of tufts of yellowish finger-like 
processes (Fig. 165). Their function is that of a reserve food supply to be 
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used in the development of eggs and sperm and during hibernation. 
They reach their maximum size in the fall. They are said to decrease in 
size just before and during the breeding season in the spring, after which 
they begin to increase again. 

K. Coordination; the Nervous Mechanism. —In all animals, there 
may be some coordinating mechanism in order that the parts may work 
together. In the frog, as in all but the lowest animals, the main coordinat¬ 
ing mechanism is the nervous system. The distinguishing characteristics 
of the nervous system of chordates is that they are dorsal in position and 
tubular in form. 

In the developing vertebrate embryo, the central nervous system 
arises as a long groove on the dorsal side. Because of the folding over 
of the edges of the groove, it later become a tube with a central cavity 
(Fig. 177/). The cavity is much reduced later, especially in the spinal 
cord, but in the brain it is expanded to form the ventricles. 

Although the nervous system is continuous, it is convenient to study 
it in three divisions: (1) the central nervous system, consisting of the brain 
and spinal cord; (2) the peripheral nervous system, consisting of nerves 
that connect the brain and spinal cord with all parts of the body; and (3) 
the autonomic system, often called the sympathetic, made up of a large 
number of ganglia, two rows of which are on each side of the vertebral 
column. 

I. The Central Nervous System. —This is made up of the brain and 
the spinal coitl, and their branches; it is often designated the cerebro¬ 
spinal system. 

a. The Brain. —In the developing embryo, there appear in an early 
stage three enlargements at the anterior end of the nerve tube, which 
are called/ore- , mid- , and hindbrains. Later in development, constrictions 
appear in the fore- and hindbrains, so that there are five primary divi¬ 
sions as follows: 

From the forebrain or prosencephalon 

I. Telencephalon 

II. Diencephalon 
From the midbrain 

III. Mesencephalon 

From the hindbrain or rhombencephalon 

IV. Metencephalon 

V. Myelencephalon 

The term cephalon (Gr. kephale, head) is the term applied to the brain 
as a whole; td = end; di = between; mes = middle; met = after; 
myd = spinal cord (relation to); pros « fore; rhomb = spinning top 
(shape). 
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The brain of the frog is more highly developed than that of fish but 
not so highly developed as that of the higher animals. 

(1) Membkanes. —Two membranes cover the brain; one next to 
the skull, the dura mater, a pigmented layer that adheres very closely 
to the skull, and an inside membrane, pia mater, that adheres closely to 
the brain itself. It has some pigment and is more delicate than the dura 
mater. The human brain has three membranes. In adiHtion to the dura 
mater and pia mater, there is a delicate middle layer, the arachnoid 
membrane. 
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Fig. 173.—The bwin of a frog. (A) Dorsal view. (B) Ventral view (Infundibulum + hy. 
pophysis ~ pituitary). (C) Section to show ventricles of the brain. (Adapted mainly from 
Wiedersheim and Ecker by F. Baker.) 


(2) The forebrain. —(a) Telencephalon. On the dorsal surface of the 
forebrain, there arc two cerebral hemispheres making up the cerebrum. 
This is small in the frog, and its removal is not fatal to the life of the 
animal. As the scale of complexity ascends to the higher animals, the 
cerebral hemispheres are increasingly well developed. In them is the 
center for voluntary motion; it is the seat of the mind, and other impor¬ 
tant centers are located there. 

In front of the cerebral hemispheres, separated from them by a small 
constriction, are the olfactory lobes, which are concerned with the sense 
of smell (Fig. 173). Nerves go from these lobes to the nostrils. 

(b) The diencephalon is a depressed region that has on its surface a 
small projection, the pineal gland. This is of special interest, because in 
the Sphenodon (page 469) it is connected with a simple eye. In the frog, 
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it is only a vestige. It may be located by the brow spot on the skin of the 
head between the eyes. 

In front of the pineal stalk is a region rich in blood vessels, the anterior 
choroid plexus. The blood in these vessels serves to bring nourishment to 
this region and to take away wastes. 

On the ventral surface of the diencephalon optic chiasma (two lines 

placed crosswise) formed by the crossing of the optic nerves (Fig. 173/1). 
A short distance behind this is the infundibulum and connected with it 
is the hypophysis. These two arc collectively known as the pituitary 
(I-i. pituita, phlegm) body, so called because it was formerly supposed to 
secrete the mucus of the nose. In the higher animals, the two parts are 
more closely united than in the frog (page 623). The gland has many 
important functions connected with growth, besides other functions. 

(3) The midbrain. —llie optic lobes, which arc hollow, form the 
dorsal part of the midbrain. They are large rounded bodies located just 
in front of the cerebellum. Below the optic lobes are the crura cerebri, 
a pair of fiber tracts, which form the floor of the midbrain. 

(4) The hindbrain. — (a) Metencephalon, Behind the optic lobes of 
the midbrain is the cerebellum (L. dim. of cerebrum, or “little brain’’). It is 
regarded as an important center for coordination of muscular activity. 
The cerebellum is quite small in the frog and forms the roof of the 
metencephalon. 

{b) My el encephalon. This part of the hindbrain connects the brain 
with the spinal cord. Its thick floor and sides make up the medulla 
oblongata, in which are the centers for the control of the vital processes 
of the body, such as breathing, etc. It is a pathway between the brain 
and spinal cord and contains the roots of most of the 10 pairs of cranial 
nerves. Man has 12 pairs of cranial nerves. The medulla is also an impor¬ 
tant center for reflex action. 

The posterior choroid plexus forms a thin roof over the myelencephalon. 
This is richly supplied with blood vessels, and the blood in these vessels 
serves the region in bringing nourishment and taking away wastes. 

(5) Cavities of the brain. —As stated above, the cavities in the" 
nerve tube of the embryo are formed by the folding over of the ectoderm 
to form a nerve tube. At first the cavities are large, but as the nervous 
system develops they become much reduced, especially in the spinal cord. 
In the brain, there are four ventricles or cavities. Th'se are connected 
with one another by openings or foramina. The first ventricle is in 
the right cerebral hemisphere, the second in the left, the third in the 
diencephalon, the fourth in the medulla. There is a T-shaped canal 
connecting the first and second ventricles with that of the third, the 
foramen of Monro (Fig. 173C). The aqueduct of Sylvius is a tiny canal 
connecting the third and fourth ventricles. This aqueduct also connects 
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the fourth ventricle with the cavities in the optic lobes (optic ventricles). 
The fourth ventricle is connected with the very small canal, the neurocoele^ 
in the spinal cord. This runs the length of the spinal cord. 

b. The Spinal Cord .—The spinal cord joins the medulla. It is covered 
by two membranes, an outside membrane, the dura matery and an inside 


Nasal sac 


Olfaciory 

nerve 

Cerebrum 


tsi spino! 
nerve 



SympaiheHc 
sysrem 


10 Ih spina h 
nerve 


Spinal cord 


Fis. 174.—Central nervous system of the fros/ showing cranial and spinal nerves and 
sympathetic nervous system, ventral view. (After Ecker, from Haupt, Fundamentals of 
Biology.) 


membrane, the pia mater. It is somewhat flattened, and a median fissure 
occurs on both the dorsal and ventral surfaces. A small canal, the neuro- 
coeUy mentioned above, runs the length of the canal. The cord consists of a 
central mass of gray matter, which is composed chiefly of nerve-cell 
bodies and an outer mass of white matter made up chiefly of nerve fibers. 
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2. The Peripheral Nervous System. —This consists of 10 pairs 
of cranial nerves and 10 pairs of spinal nerves (Fig. 174). 

а. The Cranial Nerves .^—These arise in the brain, and all except 
the tenth go to sense organs. The tenth pair sends branches to the viscera. 

б. The Spinal Nerves ,—One pair of spinal nerves arises from the junc¬ 
tion of each of the vertebrae, 10 pairs in all. They can be seen as white 
strands running out from between the vertebrae. Each nerve has two 
roots, a sensory root, entering the dorsal surface of the spinal cord, and a 
motor root, entering the ventral surface of the spinal cord. The cell bodies 
of the sensory neurons are in the spinal ganglia on the dorsal root, and 
the cell bodies of the motor neurons are in the ventral horn of the spinal 
cord. The sensory neurons take impulses to the spinal cord, and the motor 
neurons carry the impulses from the spinal cord to the tissues. When the 
impulses from the sensory neurons enter the spinal cord, they are carried 
to and from the brain by association neurons. Most of these ascending 
and descending nerve paths cross over before they reach their destination. 

c. Brachial and Sciatic Plexuses ,—A plexus is a place at which 
branches of several nerves come together to form a sort of network. 
There are two plexuses connected with the nervous system of the frog: 
(1) a brachial plexus, formed by branches of the first, second, and third 
spinal nerves, and (2) the sciatic plexus, formed by the branches from the 
seventh, eighth, and ninth spinal nerves. The sciatic nerve is a large 
nerve going from the plexus down the leg of the frog (Fig. 174). 

3. The Autonomic or Sympathetic System. —The autonomic 
(Gr. auto, self; nemo, distribute) system regulates the heartbeat, the 
movements of the involuntary muscles, the muscles of the blood vessels, 
the visceral organs, the glandular activities, and the like. It is made up 
of two strands of ganglia, one on either side of the vertebral column 
(Fig. 174). These ganglia connect with the spinal nerves along the course 
of the strands. 

4. Reflex Action. —The spinal cord is the center for simple reflex 
action. A reflex may be defined as an action that follows a stimulus 
reflexly, i,e,, that is performed without volition on the part of an animal. 
If a piece of filter paper is moistened with a weak acetic acid solution 
and placed on the ventral surface of a frog’s body, the frog will wipe it 
off with its legs. The mechanism by which this is carried out is shown in 
Fig. 175. If the stimulus is sufficient, a more complex type of reaction will 
follow. This will involve other parts of the central nervous system, 

^ The names of the 10 cranial nerves of the frog are, beginning with the first near the 
anterior end of the brain: (1) olfactory, (2) optic, (3) oculomotor, (4) trochlear, (5) tri¬ 
geminal, (6) abducens, (7) facial, (8) auditory, (9) glossopharyngeal, and (10) vagus or 
pneumogastric. 
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parts of the brain. Complex reflex action will be described in 
Chap. XXXIX. 

5. Effects of Removal of Parts of the Brain. —Attempts have 
been made to learn the functions of the nervous system by removing 
various parts of it. In work of this kind, care is exercised to avoid the 
effects of shock. 

Removal of the cerebrum seems to make little difference in the 
behavior of the frog. Spontaneity of action is not lost. The animals 
will snap at food, move about, and bury themselves at the approach 
of winter. According to some authorities, however, the decerebrate 
frogs lose a sense of fear and cannot learn even a simple path to the water; 
they lose the power of associative memory that is located in the cerebrum 
of the higher animals. 



Fis. 175.—Oiasram to represent a simple reflex arc. One adjuster (Adj. neur.) or internuncial 
neurone and one commissural neurone are shown. 


Removal of the midbrain, the thalamencephalon, and the optic 
lobes results in an almost complete loss of spontaneous movements. 
Since the optic nerves enter the midbrain, blindness follows the removal 
of this part of the brain. There is some response to direct stimuli after 
the midbrain is removed. Removal of the optic lobes increases the 
irritability of the spinal cord. 

The cerebellum is small in the frog, and its function is uncertain. It 
may have some coordinating function, though the evidence is conflicting. 

The medulla oblongata is an important reflex center for vital activities 
such as swallowing, breathing, shooting out the tongue, and many other 
activities. After all the brain is removed except the medulla, the frog 
will still snap at food brought into contact with its jaws; it can also 
breathe, swim, and leap. With the removal of the medulla, life ceases, 
proving that the vital centers are in the medulla. 

6. Segmental Character of the Nervous System. —The nervous 
system of the frog is segmental or metameric. Even in the brain, there is a 
linear series of centers, and the different levels of the cord control limited 
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portions of musculature and other parts. The nervous system of the frog 
thus illustrates the essentially segmental organization of the vertebrates. 

L, The Sense Organs.—The organs of special sense are concerned 
with sight, hearing, touch, temperature, and the like. They are receptors 
for stimuli in the environment, which are able to select certain types of 
stimuli from many kinds of changes in the environment. For example, 
the eye is sensitive to light rays, the ear to sound waves, etc. The stimulus 
received by a sense organ is transformed into a nervous impulse, which 
is transmitted by a sensory nerve to a group of nerve cells in the brain 
and spinal cord. No matter how the auditory nerve is stimulated, it 
will not give the sensation of sight nor will the optic nerve give a sensa¬ 
tion of hearing. 

The sense organs of the frog are not, in general, highly developed. 
Since the types of sense organs in the higher animals are discussed later, 
only a brief mention of these organs in the frog will be made here. 

1. The Nares. —^Thcse were mentioned in connection with respira¬ 
tion. Between the external and the internal nares is an enlargement 
known as the olfactory chamber. The lining of this chamber contains 
sensory ciliated cells. These arc the special olfactory cells concerned 
with the sense of smell. 

2. Taste Buds. —Along the surface of the tongue are small projec¬ 
tions, or papillae, which are thought to be taste buds having the function 
of taste. 

S. The Eyes. —The eyes of a frog are prominently situated on each 
side of its head. From their position, it is seen that each eye covers 
entirely different fields. Frogs have little, if any, binocular vision. The 
eyes are well developed, and their plan of construction may be likened 
to that of a camera, the eyeball forming a light-tight compartment. 
Each eye lies in an orbit, or socket, in which it is freely movable and 
into which it can be withdrawn and covered with the eyelids. The eyelids 
are of peculiar interest, inasmuch as the upper eyelid can be drawn down 
only slightly, whereas the lower eyelid can be drawn up to cover the eye 
completely. The lower eyelid is in reality two portions, the lower eyelid 
proper, which is the thicker lower part, and the nictitating membrane^ a 
thinner part that is separated from the lower eyelid by a shallow groove. 
This third eyelid, or nictitating membrane, is important in many of the 
lower vertebrates, including the birds; in man, it is reduced to a vestige 
in the inner corner of the eye. 

The outside coat of the eye is the white of the eye, the sdera (sclerotic 
coat), which is continued over the iris as a transparent membrane, the 
cornea. Inside the sclera is the chorioid coat^ a vascular pigmented coat, 
and within this is the retina. The retina, which is connected with the 
brain by the optic nerve^ is composed of two layers, an outer layer of 
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pigmented cells and an inner, much thicker layer, which is the sensitive 
portion. 

In the center of the eye is a dark oval, the pupik and surrounding 
this is the im, an iridescent ring. Just behind the iris is the transparent 
crystalline lem, nearly spherical. This is made up of concentric coats, 
like an onion, and is surrounded by a delicate capsule. The capsule is 
attached along the margin to the ciliary body of fibers. Between the cornea 
and the lens is the large internal chamber filled with jelly-like vitreous 
humor. 

The eye of the frog has no power of accommodation, as the human 
eye has, for viewing near and far objects. The mechanism of seeing is 
better explained in the discussion of the eye of man (page 634 ei seq,), 

4. The Ears. —The frog lacks the outer ears characteristic of mam¬ 
mals, including man. The tympanum^ or eardrums, have already been 
referred to in describing the external features of a frog. They may be 
seen as tightly stretched membranes on either side of the head behind 
the eyes. The middle ear is under the tympanum and is an air-filled 
cavity. Air pressure in this cavity is regulated by the Eustachian tubes^ 
which connect with the mouth (Fig. 162). Extending across this chamber, 
attached to the tympanum near the middle, is a rod-shaped bone, the 
columella. This joins a small cartilage lying over and closing the small 
aperture to the inner ear, the fenestra ovalis. The fenestra ovalis is on the 
outside wall of the auditory capside, Sound waves received by the tym¬ 
panum are transmitted over the columella to the cartilage, closing the 
fenestra ovalis (stapes), and thence to the inner ear. 

The inner ear is between the middle ear and the cranium. It lies in the 
auditory capsule and is composed of a membranous labyrinth, a com¬ 
plicated thin-walled sac that contains a fluid, the endolymph. Surrounding 
the sac is another fluid, the perilymphy which fills the space between the 
labyrinth and the wall of the auditory capsule. The membranous labyrinth 
is divided into two portions, the sacculusy a lower portion concerned 
chiefly with hearing, and the upper portion, the utriculus. Connected 
with the utriculus are three semicircular canals^ which lie in planes 
approximately at right angles to each other. At one end, each canal is 
enlarged to form the ampullay well supplied with sense cells similar to 
those in the sacculus and also connected with the auditory nerve. The 
function of the semicircular canals is to maintain the sense of equilibrium. 
When the position of the head is changed, the fluid in these canals changes 
its level and stimulates the sensory hairs, thus giving the sense of change " 
in position, 

5. End Organs for Touch, Temperature, Pain, Etc. —In the 
skin of the frog are the special end organs, or nerve ends, the so-called 
touch corpuscles. These lie in the corium under small papillae in the 
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epidermis. Experiments seem to show that the skin of the frog very 
probably has sense organs also for heat and cold. The behavior of the 
animal under different conditions of the atmosphere indicates that the 
skin is also sensitive to changes in the moisture content of the air. 

M. Behavior. 1. Habit Formation. —Yerkes found that a frog 
could go through a labyrinth after about a hundred trials, showing that 
there is some power of formation of habits in this animal. The grade of 
intelligence is very low, however, and the behavior of the frog is mainly 
instinctive. It perforins many complicated movements and also responds 
to various stimuli in its environment. All this is possible because the 
nervous system receives stimuli, coordinates and transfers the impulses. 
A low degree of intelligence is mentioned above. Intelligence implies 
an ability to profit by former experiences. 

2, Responsk to Stimuli. —Although reaction to light is somewhat 
influenced by temperature, the frog seeks the shade if possible. However, 
another response to the stimulus of light is one of orientation; i.e,^ the 
frog faces the light. It seems, therefore, that this animal has two distinct 
responses to light. 

Frogs tend to crawl into crevices and under objects, thus exhibiting a 
response to contact (thigmotropism). 

There is no mechanism in frogs to regulate the temperature of the 
body. It is at the mercy of the surrounding environment. The body 
temperature may be greatly reduced, the body may even be frozen, if 
gradually done, for a time, but it is said that if the tissues of the frog 
are completely frozen, it cannot survive. Temperatures above 30®C. 
are unfavorable, and movements become irregular. Exposure to tempera¬ 
tures of 39 and 40®C. is fatal. 

The clasping reflex at the time of mating is noted below. 

3. Hypnotism. —If a frog is laid upon its back and held in that 
position for a few minutes, it will remain motionless for a considerable 
time (Fig. 176). This is probably not a true hypnosis. The same result 
may often be obtained by rubbing the back and sides. 

N. The Reproductive System and Reproduction.—As has been 
stated, the excretory system and the reproductive system are so closely 
associated that the two together are usually known as the urinogenital 
system. The reproductive organs are called gonads (Gr. gone, that which 
generat^. 

Male Reproductive Organs. —Male and female frogs are 
very much alike externally. During the mating season, however, the 
thumb of the male is thicker than that of the female (Fig. 162). This 
thickening is useful in holding the female at the time of mating. The male 
clasps the female, and, as the eggs are laid, he spreads the sperm over 
them, and sq fertilization is external. The clasping of the female appears 
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to be a reflex. It is said that the head of the male may be cut off at 
this time, yet his hold on the female is not loosened until quite a while 
afterward. 

The pair of ovoid testes (sing., testis) are attached to the kidneys 
by a fold of peritoneum. In this peritoneum run several ducts that carry 
the sperm to the collecting tubules of the kidneys. In Fig. 165, one of the 
testes has been pulled aw^ay from the kidney in order to show these 
ducts, which are called vasa efferenfia (L. vasa^ vessels; effero, to bring 
out). The sperm go from the collecting tubules of the kidney to the 
mesonephric ducts and through them to the cloaca. From the cloaca, 
they are expelled to the outside at the time the eggs arc laid. In the grass 
frog, the male has tw^o rudimentary oviducts. These are lacking in the 
bullfrog. 



Fis. 176.—A ''hypnotized" fros. If a frog be stroked gently, it will pretend to be dead. 
Sometimes this is called hypnosis but it probably does not correspond to that state in man. 
(Dr. Runyon.) 

2. Female Reproductive Organs. —The female reproductive organs 
are also associated with the kidneys. There is a pair of ovaries^ which, 
during the breeding season, become much enlarged with their burden of 
eggs. In fact, during this season, when one opens up a female frog, the 
egg masses are the most prominent things to be seen and must be lifted 
out of the way in order to observe the other organs. The oriduct for each 
ovary is a much-coiled tube with a funnel-shaped opening, or mouth. 
The oviducts are not connected in any way with the ovaries and are 
located near the anterior end of the body cavity. When the eggs are 
mature, they break out of the ovary into the body cavity. They then find 
their way to the mouth of the oviduct through the action of a current 
created by the cilia of the ostium^ or opening of the oviduct. As they 
pass down the ciliated oviduct, gland cells in the wall of this duct secrete 
a sort of jelly that is deposited around the eggs. Near the cloaca, the 
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oviduct is expanded to form a uterus. In the higher animals, further 
development occurs here, but in the frog, the uterus serves only as a 
temporary storage place for the eggs. When the eggs are to be laid, the 
male clasps the female, and the eggs are fertilized by the sperm as they 
leave the body of the female. As soon as the eggs reach the water, the jelly 
around them begins to swell, and the egg mass becomes much larger. 
An egg mass from one female may contain 500 or more eggs. 

The mating of frogs takes i)lace in the spring. Masses of frogs’ eggs 
are a familiar sight in j)ools and streams in the spring. The eggs are black 
above and white below. The jelly serves several functions, protection 
to some extent from changes in temperature and protection from injury. 
It also holds the eggs apart and so allows oxygen to diffuse to the center 
of the cluster, at the same time allowing waste products to escape. 

After the egg is fertilized, it begins to develop by a series of cell 
divisions. Development continues until there is a free-swimming tadpole, 
which later metamorphoses into a frog. 

O. Development of the Frog.—The origin of the germ cells, the 
behavior of the (chromosomes, and related problems in development are 
discussed in Chap. XLIV. It is well here, however, to follow a brief 
description of the cleavage of the fertilized frog egg. 

1. The Fertilization Membrane. —It was stated above that the 
eggs were fertilized as laid. As soon as the sperm enters the egg, the 
membrane surrounding the egg is raised from the j)rotoglasm underneath, 
leaving a fluid-filled space. This prevents other sperm from entering. The 
membrane is called the fertilization 'membrane. 

2. Cleavage. —The division of the fertilized egg by mitosis is called 
cleavage. There are several types of cleavage. If the division plane cuts 
all the way through the egg, the type of cleavage is holoblastic (Gr. holosy 
complete; hlastoSy sprout) and may be equal or unequal; in meroblastic 
or discoidal (Gr. meros, part, fraction; blastos^ sprout), the plane cuts 
only a part of the way through, as in birds’ eggs with large yolks; in 
superficial cleavage, the nuclei, after dividing, migrate to the periphery 
and, as their walls form, surround the central mass, as in insects’ eggs 
(page 403). The frog egg exhibits holoblastic cleavage (Fig. 177). 

The parts of the divided egg are blastomeres (Gr. blastos, sprout; 
merosy fraction). As division proceeds in holoblastic eggs, the cells at the 
animal or pigmented pole become slightly smaller. This is because they 
are more active than the cells at the vegetal pole. The accumulation of 
yolk at the vegetal pole nourishes the developing tadpole until it can 
shift for itself. 

3o The Blastula (Gr. hlastos^ sprout).—As the cells divide, they 
form a hollow sphere, the blastula. The cavity is filled with fluid and is 
called the cleavage cavity ^ or blastocoele. 
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4. The Gastbcla (Gr. gaster, stomach).—In Amphioxm ^ 

and in the starfish (Fig. 246), the gastrula is formed by the mpushing 
the ectoderm to form a two-layered sac, the outside 
ectoderm and the inside layer being the entoderm. The two lips of the 
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produced by a flat infolding just below the pigmented area. A crescentic 
crease left on the surface is the blastopore (Fig. 177). 

5. Mesoderm Formation. —The details of the formation of the 
mesoderm differ somewhat in different animals. In any case, this layer 
of cells grows out between the ectoderm and the endoderm. For further 
information on mesoderm formation, see Chap. XLIII. 

6. Derivatives of the Germ Layers. —All adult structures are 
derived from the three germ layers, the ectoderm, the mesoderm, and the 
endoderm. In general outline, these are as follows: 

Ectoderm 
Nervous system 
Eyes, ears, and nasal cavities 
Epidermis of the skin 

Lining of the proctodeum and the stomodeum 
Mesoderm 
Dermis of the skin 
Skeletal system 

Walls of the digestive tract, except the lining 

Muscular system 

Circulatory system 

Excretory system 

Reproductive system 

Lining of the coelom 

Endoderm 

Lining of the digestive system, except in the region of the stomodeum and proctodeum 
Lining of the lungs and air tubes 
Parts of the liver and pancreas 
Lining of the urinary bladder 

7. The Larva. —When the egg hatches, the larva is somewhat fish¬ 
like in appearance. Two pairs of branching external gills are present, and 
the mouth is ventral. This mouth is purely a larval feeding organ, being 
surrounded by a chitinous rim used for scraping matter from the surfaces 
of water plants. Soon the external gills disappear, and internal gills, 
something like those of a fish, appear. These are covered with a fold 
of skin, the operculum, which has a single opening on the leftside,the 
spiracle. Water passes from the gill slits through the spiracle to the out¬ 
side. The hind limbs appear first, then the forelimbs. 

8. Metamorphosis. —It is difficult to separate the larval phase 
from the phase of metamorphosis as one phase blends into the other 
The tail is resorbed toward the end of the larval period: 

And funny tadpoles that are fish 
When in the stream they swim and swish 
Take off their tails and climb a log 
When it is time to be a frog! 

—J. Preston. 
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Other changes are the shortening of the long, spirally coiled intestine 
(typically a vegetarian organ) and the resorption of internal gills. The 
lungs develop, and the tadpole now comes to the surface for air. Shortly 
after this, the tadpole becomes a frog. 

Some frogs complete their metamorphosis in a few weeks; others 
require several months; a bullfrog may take two, three, or four years, a 
longer time being required in colder than in warm climates. 



Fis. 178.—^The development of the frog from egg to adult. (F. Kendrick.) 

9. AnoLEscnENCE. —The young frog takes some time to mature. At 
first, the skeleton is cartilagenous; then it becomes ossified. Other changes 
are the relative proportion of parts. The final change is when the animals 
become sexually mature and the reproductive organs produce germ cells, 
the male producing sperm, the female, eggs. Figure 178 shows the events 
in the development of a frog from the egg. 

The Endocrines. —In addition to the complicated nervous system, 
the frog and all the higher animals possess ductless or endocrine (Gr, 
endon^ within; krinein, separate) glands, which may be spoken of as 
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agents of chemical coordination. Endocrine glands have no special ducts; 
their secretions are absorbed directly into the blood stream and carried 
to all parts of the body. These secretions are called hormones (Gr. hormon, 
to arouse or excite). Mention has been made of the pineal and adrenal 
glands. 

It will be more convenient to study endocrine glands in a later section 
(page 619), since more of the experimental work done to demonstrate 
their function has been done on the higher animals. However, some 
interesting work has been done with tadpoles and frogs. 

1. The Thyroid. —It was discov’^ered by Guternatsch that if thyroid 
is fed to tadpoles, thi^y are transformed into miniature frogs very quickly; 
in other words, their metamorphosis and development speeded up. 
On the other hand, it was found by Allen that if the thyroid is removed 
from young tadpoles, they never metamorphose; i.e., they never become 
frogs. If, however, a small amount of thyroid extract is dropped in the 
water in which these tadpoles are, they will begin development and, 
in a short time, become frogs. 

2. The Pituitary. —If the pituitary gland of tadpoles is removed, 
they lose their natural dark color, becoming silvery in appearance, and 
they are unable to alter their coloration. It has been determined, also, 
that if the eyes are covered wdth an opacpie material, the color changes do 
not take place. 'Fhis suggests that the pituitary plays a role in those 
animals that are able to change their colors in different surroundings; 
the stimuli enter the eyes, pass along the optic nerve to the brain, and 
probably some of them are sidetracked to the pituitary (Fig. 173J5). For a 
general discussion of the endocrines, sec page 619. 

Q. Hibernation (page 506).—In the late fall, frogs bury themselves 
in mud and lie in a dormant condition until the next spring; f.c., they 
hibernate. During this time, vital activities are reduced to a minimum. 
No food is taken in wdnter, but in summer the frog feeds voraciously 
and stores up food in the tissues to be used during hibernation. 

Questions 

1. Describe the external features of a frog. 

2. What are some interesting features of the skin of a frog? 

3. Compare the p<»ctoral and pelvic girdles, stating the functions of each. 

4. Name the functions of the skeleton. 

6. Describe the three types of muscles and the functions of each type. How are muscles 
arranged on the skeleton? 

6. How does the frog use its teeth? 

7. Describe the interior of a frog’s mouth. 

8. What are the organs of digestion? Give a running account of the events of digestion in 
the frog. Include in this account a statement of the structures and enzymes involved. 

9. What are the types of blood corpuscles in the blood of a frog and the function of each 
type? What is one difference between the red corpuscles of the frog and those of man ? 
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10. What is the blood plasma? The lymph? What is the function of the lymph? 

11. Give an account of how the blood enters and leaves the heart. How does the structure 
of the heart prevent much mixing of oxygenated and nonoxygenated blood? 

12. By what two paths may blood return from the hind legs of the frog to the heart? 

18. What is the particular role of the hepatic portal system? 

14. What are the three ways in which the blood of the frog may be oxygenated? 

15. The frog is an air-breathing animal, yet it can remain under water for a long time. 
Explain. 

16. Discuss the functions of the blood. 

17. What is the dilBPerence between an artery, a vein, and a capillaryP 

18. Describe the divisions of a frog’s brain, stating the functions of each division. 

19. What is the result of the removal of the cerebrum? The midbrain? The cerebellum? 
The medulla oblongata? 

20. Describe the cavities in the brain and spinal cord. 

21. Describe the peripheral nervous system and the autonomic nervous system. 

22* How many cranial nerves has the frog? How many spinal nerves? 

28* Describe a reflex arc and a simple reflex. 

24. Where are the brachial and sciatic nerve plexuses? 

25. What are the types of metabolic wastes, and how are they eliminated? 

26. Where is urea built up, and how is it eliminated? Describe the excretory system of 
the frog. 

27. Compare the male and female reproductive systems of the frog. 

28. Give an account of the fertilization and early development of the frog egg. 

29. What is the blastula? The gastrula? 

80. Describe the metamorphosis of the frog. What is meant by the adolescent period? 

81. What is the result upon the development of the frog of the removal of the thyroid 
gland? What is the function of the pituitary gland? 

82. Define: occipital condyle, urostyle, neural arch, tendon, fascia. Bowman’s capsule, 
mesentery, duodenum, ileum, cloaca, mucosa, villus, goblet cell, diastole, systole, 
sinus, optic chiasma, infundibulum, hypophysis. 
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B. THE ANIMAL GROUPS; MORPHOLOGY AND. 
PHYSIOLOGY OF REPRESENTATIVE TYPES 

CHAPTER XVm 

THE PROTOZOA 

Nature is never more perfect than in small things. 

—Pliny. 

I. Protozoa and Metazoa 

The animal kingdom is divided into two great groups, the Protozoa 
(Gr. protos, first; zoon, animal), which are single-celled animals, and the 
Metazoa^ which includes an enormous number of species of animals. 
These consist of animals without backbones and animals with backbones, 
as well as some forms not included in these two groups, the lower chor- 
dates. Brief mention was made in Chap. VII of representatives of varioiffe 
groups in the very condensed description and classification of the living 
world. As an introduction to the study of animal biology, the organization 
of a typical vertebrate, the frog, w^as described. It is now necessary to 
select for study a very few key types of the more important animal 
groups. The morphology and physiology of the types studied will be 
included as well as a discussion of the important biological principles 
illustrated by the group to which the types studied belong. Whether 
this study is made in the laboratory or in the classroom, it will be found 
an excellent background for the understanding of Part III of this book, 
the principles of biology. 

Protozoa 

11. One-celled or Acellular Animals 

It is the fashion to call Protozoa ‘Hhe simplest animals.’" A little 
reflection, however, will convince one that a single cell, or a group of 
single cells, able to perform all the functions of life cannot be simple. 
Many diseases are caused by them, and a knowledge of the life cycles 
of pathogenic forms is important in some public-health problems. Further, 
many biological principles and problems are illustrated very well by the 
Protozoa. 

A. Habitat of Protozoa.—Protozoa live everywhere in the earth, in 
fresh and salt water, in the bodies of plants and animals, and their 
spores are in the air. 


86 $ 
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B. Classification of Protozoa.—^Protozoa are classified on the basis of 
their means of locomotion; 

Class I. Flagellata (L. flagellum, whip) or Masfigophora (Gr. masHx, whip; phoros, 
bearing}. Protozoa that move by means of flagella; Euglvna (Fig. 179); Volvox (Fig. 180). 
Class II. Rhizopoda ((ir. rhiza, root; pons, foot) or Sareodina (Gr. ftarx, flesh). Protozoa 
that move by means of pseudopodia (false feet); Amoeba (Fig. 182); Difflngia (Fig. 183JR). 
Class 111. Spouozoa (Gr. spora, seed; zoon, animal). All members of this group are parasitic, 
pos.sess no locomotor organs, and reproduce by means of spores; Plasmodium (malaria 
parasite) (Fig. 184); Coccidium, Gregartna. 

Class IV. ("iliata (L. nlium, eyelash), or Infusoria (L. infusus, poured into, crowded). 
Protozoa that move by means of cilia; Paramecium, Chilodonella, Euplofcs, Vorticdli 
(Figs. 185 and 194). 

Class V. SucTORiA (L. sugerc, to suck). Often classed with ciliates; only larvae have cilia; 
adults have sucking tentadcs; Podophrya, Acineta (Fig. 194/). 

C. Flagellates.—Both single and colonial forms are found among 
the flagellates. Euglena and Volvox are the forms usually studied. 

1. Euglena. a. Habitat. —Thi.s animal is a flagellated protozoan 
that lives in stagnant pools or along the quiet edges of ponds and streams. 
In spite of the fact that it can be seen only with the microscojie, such 
numbers may be present as to render the water green in color. 

b. Appearance and Structure.—Euglena is green in color, containing 
the same substance, chlorophyll, that gives plants their green color. 
For this reason, Eugleiia is sometimes called one of the borderline or¬ 
ganisms, neither plant nor animal, but having characteristics of both. 
For convenience, Euglena is usually included with the Protozoa, although 
some biologists think it is more plant-like than animal-like. 

Euglenae vary greatly in size and shape. Euglena agills, one of the 
most common species, is more or less cigar-shaped, as shown in Fig. 179. 
The blunt end is the anterior end and is directed forward wdien the 
Euglena swims. The outer covering of the body, the cuticle, is elastic, 
making it possible for the animal to change its shape to a certain extent. 
At the anterior end is a whip-like filament, the flagellum, which lashes 
about and moves the Euglena from place to place. At the base of the 
flagellum is a depression, shaped like a funnel; it is the opening to the 
reservoir, often called the cytosome (Gr. kytos, hollow vessel; stoma, 
mouth). This opening leads through a short passageway, the neck of the 
reservoir, to the spherical reservoir. Next to this is a vacuole into which 
small contractile vacuoles empty their contents from time to time. A red 
body, sensitive to light, called an eyespot, is located near the anterior end. 
In the living animal, near the center of the body, may be seen an appar¬ 
ently clear space. This is the nucleus. When Euglena is stained, this 
nucleus appears as a conspicuous oval body. 
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c. Motion and Locomotion,—Euglena moves from place to place 
chiefly by swimming. It is able to do this because of movements of the 
flagella. In most Euglenae, the flagella are short and difficult to see, but 
some of their relatives possess conspicuous flagella that can be readily 
observed. A number of these euglena-like species move their flagella 
with a vibrating motion, whereas others bend them in various ways. 
The method of moving the flagellum determines the way in which the 
Euglenae move; some swim—for example, Peranema —more smoothly 




Fls- 179.—(A) EugUna asiifs. (B) Division of Euslana. (After W. B. Baker, by F. Baker.) 


than others. On account of the fact that Euglena is able to contract and 
twist its body, it is able to “squeeze through’’ very small spaces that 
would be impossible for it to manage otherwise. 

d. Food and DigeHion,—Euglena may absorb food substances that 
are in solution through its body wall, but it also possesses chlorophyll, 
and with the aid of sunlight and by absorption of water and mineral 
substances may manufacture food as the plants do, by photosynthesis 
(page 140). It produces and stores up a special kind of starch called 
paramylum. 
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e. Respiration and Excretion. —Respiration in Euglena is carried 
on through the body wall. Since the process of photosynthesis takes 
place within the Euglena*s body, it is probable that some of the carbon 
dioxide produced by the animal is used in some way in this process 
and that some of the oxygen resulting from photosynthesis is used in the 
cell for oxidation purposes. Liquid wastes and water collect in the small 
contractile vacuoles. When the vacuoles contract, these wastes are emptied 
into the large vacuole, then into the reservoir, and finally into the cyto- 
pharynx, and from there to the outside. 

/. Reaction to Stimuli. —The red “eyespot’’ mentioned above is 
sensitive to light, although it is not a real eye. Since photosynthesis 
is carried on only when light is present, it is of advantage to Euglena 
to be in the light at least a part of the time, yet direct sunlight will kill 
it. If a dish containing Euglenae is placed in the direct sunlight and one 
side of it shaded, in about an hour the green masses are concentrated on 
the shady side of the dish. 

g. Reproduction.—Euglena reproduces by longitudinal binary fission. 
When the animal is ready for reproduction, the nucleus divides, and then, 
beginning at the anterior end, the body divides down the middle (Fig. 
1741?) along its longitudinal axis. 

When conditions are unfavorable for Euglena, the body may become 
spherical and secrete around itself a sort of envelope. After this envelope 
has been secreted, Euglena loses its flagellum and is then said to be 
encysted. The animal, together with its envelope, is called a cyst. While 
within the cyst, it divides into two or more cells, depending upon the 
species of Euglena. When conditions again become favorable, each cell 
within the cyst emerges as a young Euglena. Cysts of Euglena may be 
found on the sides and bottoms of culture dishes that have stood for 
some time in the laboratory or are becoming dry. When the cysts are 
able to withstand drying, they can live in the cyst stage for a long time, 
becoming active again when the pools fill up with water. This is one of 
nature’s ways of helping the animal tide over unfavorable conditions. 

2. VoLVOX, A Colonial Flagellate. — Volvox globator is a colonial 
flagellate consisting of hundreds or thousands of one-celled individuals 
that form a sphere shaped like a hollow rubber ball, as illustrated in 
Fig. 180. The outside of the ball contains a single layer of cells. Each 
cell is connected with all its neighbors by protoplasmic strands. One 
remarkable feature of Volvox, is the presence of two types of cells, body 
cells and germ cells. The body cells carry on all the functions except 
reproduction. The germ cells are set aside for the single purpose of 
reproducing other colonies of Volvox. This is a division of labor among 
the cells, 
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Fig. 1 SO.-—Volvox. Diasram designed to illustrate the structure of a colony and the 
various types of cells, (e) (0 (s) (h) (i) are stages in the development of a parthenogenetic 
colony. (1) (2) (3) (4) (5) are stages in the development of a sperm bundle. Natural size, 
about 0.7 mm. in diameter. (Drawn by Bruce Lineburg, from Hegner, College Zoology, 
The Macmillan Company.) 

Another type of reproductive cell is shown at (e). This may grow in 
size, as shown in Fig. 180/, and h and forms a parthenogenetic colony 
(Fig. 180i). 

A third type of reproductive cell, also a sex cell, grows and divides 
as shown in the figure from 1 to 5; this, then, transforms into a bundle of 
minute cells, each of which represents a spermatozoon. The spermatozoa 
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break out of the bundle, and each egg is fertilized by one of them. The 
fertilized egg surrounds itself with a spiny covering as shown in the illus¬ 
tration (Fig. 180j). It lives through winter, and when spring comes, 
develops into a single Volvox colony. 

3. Other Representative Flagellates. —In Fig. 181 are shqwn 
six types of flagellates that are more or less closely related to Euglena, 
They may all be found in fresh-water ponds, and they often occur in 
cultures of Euglena, and other Protozoa. 

Gymnodinium is characterize<l by a groove around the center of the 
body in which lies a flagellum (Fig. ISLl). Trachelommtas liwpida is 
covered with spines and possesses a long flagellum (Fig. 181/i). Diuobryon 
is a type that forms a branching colony; each individual is surrounded 



Fig. 181.—Some types of flagelletes, Mastigophora. (Heteronema alter Rhodes. F. Kendrick.) 


by a transparent membrane, shaped somewhat like a collar (Fig. 181C). 
Bodo is a minute type with two flagella, one directed forward and the 
other trailing behind (Fig. 181/1). Heteronema also has two flagella, a 
long anterior flagellum and a shorter trailer (Fig, 181/J). Synura is a 
colonial typp; the members of the colony are fastened together at their 
posterior ends to form a sort of ball-like mass (Fig. 18IF). Dinobryon 
and Synura often occur in such numbers in reservoirs as to render the 
water unfit to drink. Dinobryon produces a fishy odor, and Synura 
produces an odor resembling ripe cucumbers and a bitter and spicy taste. 
Dissolving a very small amount of copper sulphate in the water destroys 
these noxious Protozoa. 

D. Rhizopods* 1. Amoeba Proteus (Fig. 182.4) is a familiar scien¬ 
tific name. This familiarity is partly due to the fact that it is usually 
considered to be the most primitive of all the animals and partly because 
many students study it in high school or college. It is the usual form 
studied as a representative of the class Rhizopoda. 
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CHAPTER XIX 


PORIFERA, COELENTERATA, CTENOPHORA 

Today the many-hued anemone 
Waving expands within the rock pools green 
And swift, transparent creatures of the sea 
Dart throu* the feathery sea-fronds*scarccly seen. 

—Sir Lewis Morris. 

Each of the phyla making up the great group of animals without 
backbones, or the Inveriebrata, includes a tremendous number of species 
of animals, each presenting certain problems. Yet relationships can be 
shown, and, with few exceptions, each group fits into a general scheme. 
In order to keep this scheme ever in mind, it will be profitable for the 
student to refer often to the classification of the animal kingdom in 
Chap. VII and to the Genealogical Table (Fig. 53). 

L Porifera 

A, Sponges in General. —The relationships of the sponges arc some¬ 
what obscure, and for this reason, they arc not always placed first in the 
metazoan division of the animal kingdom. Sponges may be described as 
‘"loosely put together.*’ This is shown by the fact that certain of these 
animals may be gently squeezed through fine silk bolting cloth, yet the 
small groups of cells resulting from this will “rearrange themselves,” and 
a new sponge will grow from these small parts. 

The scientific name of sponges, Porifera (Gr. poros, pore; L. fero, to 
bear), refers to the fact that the body wall is perforated with small pores 
that lead through canals to the central body cavity. The canals in some 
species form a complicated .system (Fig. 197). 

B. Classification. —Sponges are classified on the basis of the type of 
skeleton they secrete. 

Class I. Calcarea (L. cakariua, lime). Sponges ha^dng skeletons of carbonate of lime. The 
spicules are embedded in the body walls and may be rods, such as those that surround 
the osculum, three pronged types that overlap each other (Fig. 109) and support the body 
wall; Orantia (Pig.JOS). 

Class II. Hexactineluda (Gr. hex, six; offtin, rays). Sponges with skeletons of silicon. The 
spicules are six-rayed; Venus’s-flower-basket (Fig. 200). 

Class III. Demosponoiae (Gr. demos, p^ple; spongos, sponge). Sponges with skeletons of 
spongin, a substance closely related to silk. Some sponges in this group have a combina¬ 
tion of i^ongin and silicious spicules; bath sponge (Fig, 201). 
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C. Grantia and Other Sponges. 1. Habitat* —Some sponges grow 
in fresh water, but most of them live in salt water. For a long time, they 
were thought to be plants. Most of them grow attached to rocks and other 
objects in shallow salt water. 



Fis. 197.—Diasrams of canal systems of sponses. (A) Ascon type. (B) Sycon type. 
(C) Rhagon type. The gastral epithelium is shown by heavy black line, the dermal epithelium 
by a lisht line. Arrows show water currents. (O) Osculum. (G) Gastrovascular cavity. (From 
Wieman, General Zoology.) 



Fig. 198.—(A) Group of simple salt-water sponges, Grantia. (Courtesy American Museum 
of Natural History.) (B) Grantia with bud. (B. Shamos.) 



Fig. 199.—^Some types of sponge spicules. 


2. Appearance and STRUCTtmE. —Grantia resembles a hollow 
cylinder-shaped vase. Its body wall consists of two layers, an external 
dermal epithelium and an inner, or gastral, epithelium. Between these 
two is a gelatinous material, the mesoglea (Gr. mesoSt middle; gloia, glue), 
which is noncellular. The dermal epithelium and the gastral epithelium 
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appear not to be homologous with the ectoderm and endoderm of the 
higher animals. In early embryological development, what seems to be 
endoderm comes to lie on the outside of the body and assume the func¬ 
tions characteristic of the ectoderm, whereas what seems to be ectoderm 
in the embryo appears later to line the internal cavities and thus assumes 
the functions of the endoderm. This apparent reversal of things has not 
been satisfactorily explained. 

Collar cells line the gastral cavity and certain parts of the canal system. 
These keep water circulating through the body by a lashing of the 
flagella. The collar cells remind one of flagellated Protozoa. 

3. Skeletons. —For types of skeletons for each of the groups, see 
above under Classification. The skeletons provide the sponges with 
rigidity and protect the soft parts. 

4. Food and Digestion. —^The water is drawn into the canals through 
the pores by action of the collar cells in creating currents of water contains 
food for the animals, mostly one-celled creatures. The cells lining the 
gastral cavity engulf bits of food much as an amoeba does (page 271). 
Digestion is also quite similar to that of the Protozoa. Products of diges¬ 
tion are then passed on to neighboring cells. Undigested wastes pass out 
through the osculum (Figs. 197, 198). 

5. Other Life Activities. —Respiration and excretion are also 
carried on by individual cells. There is no circulatory system. 

6. Reproduction. —Sponges reproduce themselves both by sexual 
and asexual means. 

а. Asexual. —Two types of asexual reproduction may occur: (1) 
by budding (Fig. 198) and (2) by the formation of gemmules by internal 
budding. These are small groups of cells that, usually after a period of 
rest, grow into new individuals. 

б. Sexual. —Sexual reproduction is by the formation of eggs and sperm. 
After the egg is fertilized, a very small larva develops. This bears cilia 
at first and is able to swim aboujt. After a time, it settles down, becomes 
attached, and develops into a full-grown sponge. 

D. Biological Problems Illustrated by the Sponges. 1. Organiza¬ 
tion. —As has been stated, the organization of a sponge appears to be 
of a simple type, for a whole new sponge will grow from a few cells. Yet 
sponges are much more complex than the Protozoa. They show a division 
of labor not achieved by the one-celled creatures, even by the colonial 
flagellates. 

2. Relationship to the Animal Kingdom. —^The sponges present a 
peculiar problem in that their two primary cell layers, the ectoderm and 
the endoderm, are apparently reversed from those of the higher animals. 
For this and some other reasons, the sponges are considered as a side 
branch in the animal kingdom. 

For the relation of sponges to human welfare, see page 817* 
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II. The Coelenterata 

A. General Features of the Coelenterates. —The phylum Coelen¬ 
terata (Gr. koilosy hollow; enteron, intestine) contains about 5,000 species, 
and certain members of the group may be studied with profit as illus¬ 
trating biological principles. The plan of the coelcnterate body is that of a 
two-layered sac. For this reason, the animals are said to be diploblastic 
(Gr. diplos, double; blastoSy germ). The outer body layer is the ectoderm 
and the inner, the endoderm. Between these two, as in the sponges, is a 
noncellular layer, the mesoglea. 

Typically, the coelenterates have tentacles around the mouth, and 
these, as well as the body wall, contain stinging cells, the nematocysts 
(see below). 

Many of the coelenterates show an alternation of generations in their 
life cycles, the hydroid (hydra-like) generation alternating with a medusoid, 
(medusa-like) generation. Some exceptions to this rule are noted below. 

The coelenterates exhibit radial sijmmetryy i.e,, the arrangement of 
similar parts around a central point like the spokes of a wheel. 

B. Classification. 

Class 1. llydrozoa (Gr. hydra^ a water serpent; zoon, animal). Ilydra-like animals; not so 
highly organized as the other two classes; no true gullet or stomodaeum, as in the sea 
anemones; sometimes alternation of generations; sometimes not; if medusa is present» 
it has a membrane, or velum, on undersurface around the margin; sex cells are discharged 
directly to the exterior; Ilydraj Obella, Gonionemus, PhysaLia (Figs. 202, 208, 210, 212). 
Class II. Scyphozoa (Gr. sknphos, cup; zoon, animal). Larger jellyfish; margin of bell lobed, 
usually with eight notches; medusa without velum; Hydroid stage inconspicuous; gastro- 
vascular cavity held in place by membranous mesenteries; Aurelia (Fig. 213). 

Class III. Anthozoa (Gr. anlhos, flower; zoon, animal). No medusa stage; most polyps pro¬ 
duce a colony by budding, though a few are solitary. Coral polyps secrete skeletons that 
reproduce the great coral formations of the seas; sea anemones (Fig. 214) corals (Fig. 215) 
sea Jans, sea pens. 

C. The Hydrozoa. —One of the members of this class, the Uydroy is 
very widely used for study in biology laboratories. 

1. HyUba. —This is one of the simplest examples of the multicellular 
Metazoa. 

a. Habitat .—Hydras live in fresh-water pools and streams. They may 
be seen as small green or brown specks on the underside of leaves or 
attached to sticks and stones and water plants. 

b. External Features .—The bo4y of the Hydra is very elastic and may 
be considerably extendedi. It usually attaches itself to some object by its 
basal disk. This disk, or foot, may also serve as a locomotor organ. At the 
anterior, or distal, end of the body is a circlet of from 6 to 10 tentacles. 
These are also very extensible, and each is capable of independent move- 
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merit. They aid the animal in capturing food and in drawing it to the 
mouth. The tentacles surround a conical elevation, the hypostome (Gr. 
hypoy under; stomay mouth). In the center of this is a single opening, which 
serves as a mouth and also as an excretory pore. The thickened hypo¬ 
stome helps crush the food as it is ingested. 

If the hydras are well fed and in good condition, buds are usuallj?* 
present in various stages of development (Fig. 202). In the summer or 
autumn, sex organs are also to be seen; the male organs, testesy usually 
two in number, are near the anterior or distal end of the animal; the 
single ovary is about one-third from the basal disk. 



Fis- 202.—(A) Hydra, contracted. (3) Hydra with a bud about to be pinched off and a very 

young bud. 

Hydra is radially symmetrical; i.e., the parts of the body are arranged 
in a circle about a central point, as the tentacles are arranged around the 
mouth. 

c. Internal Anatomy and Physiology, —The mouth leads into a large 
gastrovascular cavity that extends into the tentacles. Reference to a 
longitudinal section of Hydra (Fig. 203) shows that the body is essentially 
a two-layered sac. The outside layer, the ectoderm, is protective and 
sensory; the inside layer lines the body cavity and is concerned with 
secretion and digestion. As in the sponges, between these two is a non- 
cellular layer, the mesoglea. 
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The ectoderm contains (1) muscle cells^ which give the hydra the 
power to contract and expand or move about, (2) stinging cells (described 
below), which are useful in obtaining food and in defending the hydra 
from its enemies, and (3) nerve cellsy which enable the animal to respond 
to stimuli. Special stains arc required to reveal that certain of the cells 
that line the body possess flagella (Fig. 203^). 

d. Food Getting,—Hydra is aided in capturing small water animals 
upon which it lives by means of stinging capsules (nematocysts). These 



Fig. 203.—(A) Longitudinal section of Hydra, showing general structure. (B) Stinging cell or 
nematocyst, greatly enlarged. (C) Nematocyst exploded. (L. Runydn.) 

are located on the tentacles and distributed about on the body. Each of 
these is embedded in a cell (Fig. 2035). Inside the capsule is a coiled 
thread, which is shot out when the capsule is exploded. This thread is 
hollow, and poison is forced through it into the animal. The effect of the 
poison is to paralyze the prey instantly. The hydra then bends its ten¬ 
tacles toward the mouth, bringing the prey into a position to be swallowed. 

a. Digestion, —Digestion takes place principally within the body 
cavity. Gland cells in the endoderm secrete digestive fluids, which they 
discharge into this cavity. The digested food is taken up by endoderm 
cells and is passed on by them to the ectoderm. Certain endoderm cells 
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engulf food particles, much as an amoeba does, which they digest within 
themselves. Thus extracellular (outside the cell) digestion occurs within 
the body cavity and intracellular (inside the cell) 
digcstioUy within the endoderm cells. The flagellated 
ceils that line the body cavity keep up a constant 
current by the movements of their flagella. Food that 
is not digested passes out through the mouth. 

/. Respiration ,—In the green hydra, the color is 
due to the presence of a green one-celled plant 
(Chlorella vulgaris)^ which grows within the cells of 
the endoderm. The hydra makes use of the oxygen 
produced by the plant. This type of “living together,” 
where the association is mutually beneficial, is called 
symbiosis (page 54). In the process of photosynthesis, 
green plants give off oxygen in the presence of 
sunlight (page 140). The plant benefits by its associa¬ 
tion with Hydra not only because it is sheltered within 
the animal but also because it uses some of the waste 
products of Hydra, Green plants must have carbon 
dioxide, which they usually take from the air. Hydra 
gives off carbon dioxide, as do all living things. But 
not all hydras are green; some are brown. These 
secure their oxygen from the water, for water has 
oxygen dissolved in it. They absorb oxygen through 
the body wall and also excrete the wastes of respiration through the 
body wall. 

g. Irritability,—Hydra possesses a primitive type of nervous system 

in the form of a network, as shown in 
Fig. 204. This aids the animal to 
respond to various types of stimuli, 
such as contact and light, touch, 
etc. The contraction of the body in 
Hydra is illustrated in Fig. 202; this 
specimen had just been touched with 
a needle. 

A. Regeneration and Grafting ,— 
Hydra shows remarkable powers of 
regeneration; i,e,y it can regenerate a 
complete body from a piece of its 
Rs. i05.-R«8«i|r^on in Hy*.. (F. If pieces are cut from a hydra 

that are not too small, each will 
grow into a new hydra (Fig. 205). Trembley discovered this about 
Hydra in 1740. If the head end of the animal is split longitudinally, 




Fig. 204.—Young 
Hydra stained to 
show network of ecto¬ 
dermal nerve ceils 
and their ring-like ar¬ 
rangement in the foot 
and hypostome. (Af¬ 
ter Hadzi, from Wol¬ 
cott, Animal Biol¬ 
ogy.) 
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one can obtain a two-headed hydra. Many other lower animals are 
capable of regeneration, but the higher animals have lost part of this 
ability to replace parts that are missing. Even in man, however, cells 
may grow and divide, as in the healing of cuts, so that the power of 
regeneration is not lost entirely. 

Parts of several hydras will grow together if properly held in place, 
much as part of one plant may be grafted upon another. 

i. Locomotion ,—It has already been noted that Hydra has the power 
of moving its tentacles and of contracting its body into a small mass. 
It may move from place to place in a variety of ways. It may glide 
about on its basal disk; it may float about in the water like a piece of 
thread; or it may “stand on its head’^ by attaching itself by its tentacles, 
then bend its body imtil the basal disk is again attached (Fig. 206). 







Fig. 206.—‘Hydra^ moving by the method of somersaulting. (Adapted from various authors 

by B. Shamos.) 

When it straightens up, it has traveled a short distance. This is then 
repeated. 

j. Rtrproduction.—Hydra is especially interesting because of its 
methods of reproduction. It exhibits two types, asexual and sexual. 

(1) Asexual. —One type of asexual reproduction, called budding^ is of 
common occurrence. Usually buds are to be found on many of the 
hydras when they are brought in from the ponds. First a small nodule 
appears (Fig. 202); this grows gradually larger, develops tentacles, and 
finally drops off after the formation of a wall between it and the parent. 
For a time, the cavity of the bud is continuous with the cavity of the 
parent. Another type of asexual reproduction is by division. Reproduc¬ 
tion of this type is rarely observed. This may be either transverse division 
or longitudinal division. 

(2) Sexual rbpboduction. —^At certain times, usually in September 
or October, certain outgrowths of the body wall appear just below the 
tentacles and also close to the base of the animal. Those near the ten¬ 
tacles develop into male organs, or testes; these will produce sperm cells. 
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or Kspermatozoa (Fig. 203). The outgrowths near the base are the female 
organs, or ovaries; each of these will produce a single egg, or ovum. Animals 
that possess both male and female organs in the same body are called 
hermaphrodites (Gr., Ilermaphroditus, a mythological character) and these 
animals are said to be hermaphroditic. When the sperm of Hydra become 
ripe they break out of the testes into the water; the egg remains attached 
to the body. The sperm find the egg, and one of them fuses with it; 
thus is fertilization accomplished. The egg now divides, and the develop- 



Fig. SOT.—Longitudinai section of the aborel end of Hydra showing eggs in different stager 
of development. (Redrawn by B. Shamos from Tannreuther, Biological Bulletin, Vol. 44.) 

ment of an embryo begins (Fig. 207). After a while, the developing egg 
drops off and falls to the bottom of the pond, where it remains unchanged 
for a few weeks. After this resting period, the embryo develops into a 
young hydra. 

Although most species of Hydra are hermaphroditic (or monecious), 
certain species, as Hydra oligactis^ have separate sexes, i.e., male and 
female individuals (diecious). 

2. Obelia. —^The coelenterates appear to be a varied group, yet the 
fundamental plan of structure of all the members of the group is the 
same. Many interesting colonial forms are closely related to Hydra. 
One of these is Obeliat a form found along the seacoast attached to rocks, 
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seaweeds, sticks, etc. It is very beautiful, flower-like, and delicate 
(Fig. 208). 

a. Comparison with Hydra. —^If the Hydra were to bud many times 
and all the buds remain connected, the resulting colony would resemble 
the Obelia colony somewhat (Fig. 208). The individual vegetative or 
feeding polyps^ of Obelia possess a greater number of tentacles than 


TENTACLES 

MOUTH 



PLAMULA ^ ^ THE ASEXUAL GENERATION 

Fig. 208.—Obelia, a colonial hydroid. (A) Hydroid or asexual generation. (B) Medusa, 
or sexual generation, side view. (C)^ Medusa, with mouth side up. (D) Fertilization cleavage, 
blastula, larval (planula) and early developmental stages of the hydroid. (L. Runyon.) 


Hydray and these tentacles differ from those of Hydra in being solid. 
The shape of the mouth is different, and a sheath-like skeleton is present. 
Nevertheless, the body plan is the same. As in all coelenterates, the 
symmetry of Obelia is radial. The Obelia captures its food as does the 
Hydra by use of the tentacles that are armed with the stinging cells. 
Furthermore, the colony arises from a single hydra-like polyp. ^ 

^ Polyp (Or. polypous, many-footed) is a term used to designate any tubular ooelenterate 
having tentacles. 
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Hydra is one type of individual, but three types of individuals make 
up the Obelia colony: (1) feeding individuals or hydranthsy each of which 
resembles a hydra, (2) nonfeeding individuals that produce medusae by 
budding, and (3) the medusae or jellyfishes. 

b. Morphology and Physiology. —^Although the plan of the zooids or 
polyps of Obelia is hydra-like, the structure of the body is somewhat 
different. The Obelia is attached by a basal stem, the hydrorhiza (Gr. 
hydray water serpent; rhiza, root). The basal stem giv^^s off upright 
branches, the hydrocavli (Gr. hydor^ water; kaulos, a stalk). A trans¬ 
parent homy sheath surrounds each part of the colony. This is the 
perisarc (Gr. pm, around; sarXy flesh) aud permits little free movement 
of the colony. However, rings {annuli) occur in some places in the perisarc 
that surrounds the body, and this allows some movement. The hydra-like 
polyps inside their cups are able to contract and move their tentacles 
freely. 

Inside the perisarc is the softer part of the animal, the coenosarc 
(Gr. koinos, common; sarXy flesh). This has the two cellular layers, the 
ectoderm and the endoderm, as well as the noncellular mesoglea. The 
coenosarc is tubular, its cavity being continuous mith the cavities in 
the various polyps. This continuous cavity makes up the gastrovascular 
cavity, and it is here that digestion takes place. Intracellular digestion 
also takes place in the endodermal cells lining the cavity. Circulation 
is effected by beating of the flagella of the cells that line the gastro- 
vascular cavity and by muscular contractions. 

The nutritive polyps are borne at the ends of branches and are called 
hydranths (Gr. hydra, water serpent; anthos, flower). The vase-like 
modification of the perisarc that surrounds the hydrajiths is called a 
hydrotheca (Gr. hydra, water serpent; theca, a case or covering). These 
polyps have numerous solid tentacles surrounding the mouth. When 
the polyp is extended, the mouth is funnel-shaped. The animal is able 
to contract and draw itself inside its cup. The tentacles are well armed 
with stinging cells or capsules. 

The reproductive polyps are borne in the angles between certain of the 
hydranths and the main stem. These polyps are called gonangia (sing. 
gonangium), and each gonangium (Gr. gonos, offspring; angio, vessel) 
contains a central stalk, a blastostyle (Gr. blasios, bud; stylos, pillar), 
which is surrounded by a capsule, the gonotheca (Gr. gonos, offspring; 
iheca, case). On the blastostyle are borne small saucer-like medusa buds. 
When these buds are mature, they escape from their capsule, which 
ruptures at the end. 

e. Reproduction. (1) Asexual. —^The hydroid colony, so named 
because some of its members resemble Hydra, arises by budding from 
a single hydra-like polyp. Further budding and growth produce the 
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colony. The colony cannot reproduce itself as such. Since, however, 
the colony comes into being by budding, it is spoken of as the asexual 
generation. The colony increases in size, of course, as new polyps are 
budded off and grow. In addition, the stems at the base of the colony 
grow over the substratum and give off more upright stems, on which 
other polyps will develop. After a time, the colony may consist of hun¬ 
dreds of individuals. 

(2) Sexual. —The development of the medusae as buds in gonangia 
of the hydroid colony has been described. The medusae are either male 
or female, and so they constitute the sexual generation. In general 
appearance, they are bell-like and very transparent. For a description 
of the structure of a medusa, see description of Gonionemm below. On 
the underside of the bell hang the gonads. There are four of these, one 
on each radial canal (Fig. 208); in the female, these are ovaries, in which 
the eggs are produced, and in the male, they arc testes, in which sperm 
are produced. When mature, the sex cells are shed into the water. Here 
the egg is fertilized by the sperm, and in a short time a free-swimming 
larva, a planula, appears. Planula is a general term applied to any 
coelenterate larva. This develops into a hydra-like polyp, which soon 
settles down and begins to bud. And so the hydroid colony comes into 
being. From the preceding, it can be seen that the hydroid or asexual 
generation alternates with the medusoid or sexual generation. This is 
known as metagenesis (Gr. meta, over; genesis^ origin). 

d. Comparison of a Medusa and a Tlydranth, —Although the medusa 
seems different from the Hydra or other polyp, the two arc much the same. 
If a medusa is inverted and examined histologically, it will be seen to 
have the same layers, ectoderm, endoderm, and mcsoglea (Fig. 209). 
By using special techniques, it has been demonstrated that the medusa 
has a more highly developed nervous system, the net being more complex 
and having a marginal ring of nerve cells, a sort of controlling center. 

8. Gonionemus. —The medusa of the Gonionemus is a form frequently 
studied in the laboratory. It is common along the Eastern coast of the 
United States. Being from 1 to 2 cm. in diameter, it is larger than the 
medusa of the Obelia and therefore easier to examine. The hydra-like 
polyp is quite inconspicuous (Fig. 210) • 

a. General Features. —^The convex surface of the bell is the exumbrella, 
or aboral surface, and the concave surface is the subumbrella or adoral 
surface. Around the margin of the bell, a muscular shelf, the velum, 
projects inward, partly closing the cavity of the bell. Around the rim 
of the umbrella extend numerous tentacles, armed with stinging cells. 

The medusa has the same layers as the other coelenterates, i.e., two 
cellular layers, the outside layer of ectoderm, the inside layer of endoderm. 
and the noncellular layer of mesoglea between. In the case of the medusa, 
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the mcsoglea is thick, and this gives the animal a jelly-like consistency 
(Fig. 209). 

Hanging from the center of the concave subumbrella is the manubriumy 
at the tip of which is the mouth. The mouth leads into a stomach, and 
this, in turn, leads into four radial canals, which traver^^e the bell to the 



Fis. 209.—Diasram of a Hydra^ a polyp, and a medusa, showing the same fundamental body 

plan. (B. Shamos.) 



Fig. 210.—(A) The jellyfish, Gonionemus. (B) Portion of tentacle, greatly enlarged. 
(C) Hydra-lilce stage of development of Gonionemus. (After Perkins.) One tentacle is 
carrying a worm (W) to the mouth. Tentacles are in contracted state. (A) and (B) drawn by 
F. Baker, (C) from Hegner, College Zoology, The Macmillan Company. 


margin (Fig. 210^), where they join a delicate circular canal. The circular 
canal connects also with cavities in the tentacles. Partly digested food 
is distributed to all parts of the body through this continuous cavity, 
which is the gastrovascular cavity, 

b. Nervous System and Sense Organs, —The nerve net of Gonionemus 
is more developed than in irydra, being connected with a nerve ring around 
the margin of the bell that coordinates the animaPs movements. 
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Embedded in the jelly between the tentacles are specialized sense 
organs, probably concerned with controlling and directing swimming 
movements. In addition, at the bases of the tentacles will be found swell¬ 
ings that contain sensory cells. 

c. Locomotion>—Gonionemus swims by taking water into the sub¬ 
umbrella and then forcing it out by contracting muscles in the bell and 
the velum. This drives the animal in a direction opposite to that in 
which the water is expelled, thus enabling the animal to swim about. 
When the medusa is at rest, it attaches itself to the bottom of the pool 
or to some object by the adhesive pads on the tentacles (Fig. 2105). 

d. Reproduction. —The medusae represent the sexual generation. The 
sexes are separate; i.e.^ the medusae are either male or female. The 
gonads are suspended beneath the radial canals (Fig. 210^), as described 
for the Obelia medusae. The sex cells are shed into the water, and there 
the eggs are fertilized by the sperm. From the fertilized egg a free- 
swimming larva, a planula, develops, and from this a hydra-like polyp 
(Fig. 21OC). Although it is inconspicuous, it serves the same purpose 
as the hydroid of the Obelia. It is, therefore, the asexual generation. 
After a time, small larvae bud oflf from the hydra-like polyp, and these 
develop into the medusae. 

From this it will be seen that Gonionemus has alternation of genera¬ 
tions, also, although the emphasis here is on the medusa and not on the 
hydroid, as is the case with Obelia. 

4. Hydractinia. —Another member of the class Hydrozoa is the 
Hydractiniay a complicated colonial form (Fig. 211). 

a. General Features. —^The beauty of this form can be observed only 
with a microscope. Specimens are to be found often as a coating on the 
shells occupied by hermit crabs. Examination shows them to appear as 
a miniature forest of polyps of three types. The largest of the polyps 
looks like a Hydra; these are the feeding individuals or zooids. A second 
type is the reproductive zooids. They are short and blunt, and there is a 
cluster of reproductive organs around the body that reminds one of a 
group of coconuts. Of particular interest is the third type of polyp; these 
grow around the edge and are heavily loaded with stinging cells. They 
twist about actively and protect the colony by use of these stinging cells. 
The hermit crab is protected also by these stinging polyps. In return, 
the crab furnishes transportation for the colony. In this association 
(commensalism^ page 54), Hydradinia also benefits by feeding upon 
bits of food dropped from the jaws of the crab, which is a wasteful feeder. 

b. Polymorphism .—If a colony of coelenterates has two kinds of 
individuals, it is said to be dimorphic. Since Obelia has three, it is said 
to be trimorphic or polymorphic; Hydractinia and others of this group 
exhibit pctymorphism (Gr. poly, many; morphe, form) to a high degree. 
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Fig. SlS.-^ywIia, lh« Pottugucsc man-of-war. (Aftar Aganiz, from Packard, Zoology, 
Hanry Holt and Company, Inc.) 
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5. Physalia, or Portuguese man-of-war (Fig. 212), is also a repre¬ 
sentative of the class Hydrozoa. Like Hydractiniay it has many types of 
individuals and is, therefore, polymorphic. It is not a small animal. The 
floating part of the colony is a sort of bag filled with gas, having a puck¬ 
ered crest that acts as a sort of sail. Hanging from this, and submerged in 
water, are long tentacle-like individuals—stinging individuals, feeding 
individuals, and reproductive individuals. The “sail” is iridescent, and 
a group of Physalias floating on the water is a beautiful sight. Swimmers 
are often painfully stung by these animals. They are more highly organ¬ 
ized than II y dr actinia. 

D. Scyphozoa.—^The larger jellyfish are included in this group. 
Aurelia is a common example and is the form often studied. The mar¬ 
gin of the bell is lobed, usually having eight notches; no velum is present; 
the animal has an in turned ectodermal stomodacum; there is a system of 
complexly branched radial canals; in the alternation of generations, the 
polyp form (scyphistoma) arises by a type of internal budding (strohiliza- 
tion) and is inconspicuous. Many members of this class exist only as 
jellyfish. 

1. Aurelia. —^This form is found along our coasts. It is larger than 
Gonionemus and differs from it in not having a velum, in the position and 
shape of the gonads, in having a more complicated canal system, and in 
the structure and arrangement of its sense organs. 

a. General Features. —The manubrium is very short, and at its tip is 
the square mouth. From each of the corners of the mouth hangs a trailing 
mouth lobe. Each of these has a ciliated groove and, in addition, stinging 
capsules. When small animals are paralyzed by the stinging capsules, 
they arc swept up the ciliated grooves to the cavity in the center of the 
bell. From each side of the rectangular “stomach” extend four gastric 
pouches. From the stomach also lead numerous radial canals that branch 
repeatedly and then join the circular canal at the margin of the bell. 
Inside the gastric pouches are gastric filaments covered with stinging 
capsules. These serve to paralyze the prey that may reach the pouches 
still alive. The entire gastrovascular cavity is lined with flagellated cells. 
These maintain a current of water that brings in a constant supply of 
food and oxygen. It also removes wastes from the internal parts of the 
animal. 

h. Sense Organs. —Around the margin of the bell are numerous short 
tentacles. Eight notches, spaced at equal distances, are found around the 
margin of the bell. In each of these notches are sense organs, or tentaculo- 
cysts. According to some authors, they are made up of three parts: (1) a 
pigmented eyespot sensitive to light, (2) a hollow sac containing hard 
particles that may be concerned with swimming movements or equi¬ 
librium, and, (S) two pits that may be sensitive to food and chemicals. 
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c. Reproduction. —^The gonads lie in the walls of the gastric pouches. 
When the sex cells mature, they are shed into the gastric pouches and 
from there pass through the stomach, the gullet, and the mouth to the 
outside. The fertilized egg develops into a hydra-like individual that 
reproduces by budding for a time. Finally, however, by a peculiar proc¬ 
ess called strobilation, the hydra-like individual (hydra-tuba) divides 
transversely into disks that cause it to resemble a pile of saucers. This 
stage is known as the strohila (Fig. 213). Each of the disks develops 
tentacles and swims away as very small medusae called ephyra. These 
gradually develop into the adult form of Aurelia. 



Fis. 213.—Life cycle of Aurelia, a representative of the Class Scyphozoa. (B. Shamos.) 


In the Aurelia type of alternation of generations, the hydroid stage is 
reduced (the hydra-tuba), and the medusa is the more prominent 
generation. Not all the Scyphozoa show alternation of generations. 

E. Anthozoa.—Sea anemones are beautiful, flower-like animals found 
along the coast in tide pools. In body plan they are not unlike Hydra^ 
but they are all colors of the rainbow and range in size from very small, 
delicate creatures to large forms, 2 ft. across, that live on the Great 
Barrier Reef of Australia. This group also includes corals, sea fans, 
sea pens, etc. 

1. Metridium. a. General Features. —Sea anemones may be very 
fragile and delicate, but the common example usually studied in the 
laboratories, Metridium^ has a stout muscular body covered with soft, 
tough skin. Surrounding the mouth and anterior end are several circlets 
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of hollow tentacles armed with stinging capsules and cilia. The ectoderm 
is turned in to form the gullet. At the basal end of the animal is a smooth, 
muscular, slimy basal disk by which the animal is able to hold fast as 
well as to slide along slowly. On either side of the gullet is a longitudinal 
groove lined with cilia, the siphonoglyph (Gr. siphon, a tube; glyphein, 
engrave). The cilia in these grooves create a current that keeps a fresh 
supply of water in the gastrovascular cavity, thus ensuring the internal 
parts of the anemone with a continuous supply of food and oxygen. 

A distinguishing characteristic of the anemones is that the gastro¬ 
vascular cavity is divided by a series of vertical partitions, the mesenteries. 
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Fig. SI 4.—Sea anemone, Metridium marginatum. (A) View of polyp with one quadrant 
removed. (6) Diagram of transverse section showing mesenteries. (From Woodruff, Founda¬ 
tions of Zoology, The Macmillan Company.) 


which are double sheets of endoderm supported by a central layer of 
jelly or mesoglea. They serve greatly to increase the digestive and respir¬ 
atory surface. In Metridium, there are six pairs of these thin double-walled 
partitions, the primary septa, which divide the gastrovascular cavity 
into six radial chambers (Fig. 214). Projecting from the wall, but not 
reaching the gullet, are the secondary mesenteries, and between the 
primaries and the secondaries are the tertiaries. There is considerable 
variation in size, number, and position of mesenteries in the anemone 
group. Below the gullet, the radial chambers are in open communication, 
but above the point at which the mesenteries attach to the gullet, com¬ 
munication between the chambers is by means of pores or ostia. 
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The edges of the mesenteries below the gullet are expanded into 
convoluted digestive filaments. Glands in these filaments secrete digestive 
juices. The filaments also bear long, delicate threads containing stinging 
capsules, the acontia^ which can be thrust out through pores in the body 
wall and through the mouth. They are for offense and defense. 

The anemones have a well-developed nerve net and several sets of 
specialized muscles. 

h. Reproduction. (1) Asexual. —Asexual reproduction occurs by 
budding and by longitudinal division. Small fragments of the anemones 
will regenerate whole animals. 

(2) Sexual. —^The animals are dioecious; Le,, the sexes are separate. 
Gonads are developed in the mesenteries near the edges. Ripe sex cells. 



Fis. SI 5.—Coral polyps (Astransia), greatly enlarged. These delicate animals secrete 
tiny skeletons which bit by bit create large masses ol coral, and these in turn may form 
large islands. (Courtesy of The American Museum of Natural History.) 

the eggs and sperm, are passed into the gastrovascular cavity and out 
through the mouth. Eggs are fertilized in the water, and from them 
develop the ciliated larvae, the planulae. Each of the planulac soon settles 
down and becomes an anemone. There is no alternation of generations 
among the Anthozoa. . 

2. The Corals. —^The coral polyp looks like a small sea anemone. 
One of the varieties that lives in the waters on our North Atlantic coast 
is the Astrangia danae (Fig. 215). A number of these animals live together 
in colonies. Each has a calcareous cup or skeleton, and this is the coral. 
In the course of centuries of time, enormous masses of coral are formed, 
coral islands, reefs, and other formations. There are many types of coral 
polyps, each producing a different type of skeleton. Of special interest 
is the precious red coraU much used in the making of jewelry. 

F. Importance of the Coelenterates.—From a biological viewpoint, 
the coelenterates are important as illustrating many biological principles; 
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from an economic standpoint, they are of little value to man. They are 
however, a food supply for many animals, especially fish. 

Corals are used in making jewelry. The coral Polyps have also built 
islands and reefs that protect some shores. 

G. Biological Principles and Problems Illustrated by the Coelent- 
erates. 1. Div^ision of Labor. —It has been seen that there is some 
division of labor among the Protozoa, for example, the setting aside of 
certain cells in Volvox for reproduction. The Coelenterates show great 

advance in the division of labor in 
their two4ayercd body, each layer 
having particular functions. In Hydra, 
the ectoderm is protective and sensory, 
and the endoderm has a secretory and 
TENOPHORAL digestive function. The principle of 
PLATES division of labor is still further illus¬ 
trated by the differentiation of special 
cells, as stinging capsules, gland cells, 
absorbing cells, etc., and in a differ¬ 
entiation of organs such as ovaries, 
testes, etc. Finally, a further division 
of labor is shown in polymorphism. In 
forms like Hydractmia and Physalia, 
which form colonies, certain individuals 
take over certain functions. There are, 
for example, feeding individuals, re¬ 
productive individuals, stinging indi¬ 
viduals, etc. 

2. Body Plan. —The sac-like plan 

Fis. 216.—A Cicnophore, Hormi- of the Hydra body shows a great 
pkora plumosa. The ctcnophoral plates advance. It is a fundamental structure 

.wlmmlns plate, characterirtic of multicellular animals and resembles 
Ctenophores. (After Chun^ by B. , , , „ i , 

Shamos.) gastrula stage that all higher ani¬ 

mals go through. 

3. Alternation of Generations. —^Alternation of generations occurs 
in several groups of plants (page 207), so that it is not a phenomenon 
limited to animals. However, this alternation of a generation that can 
reproduce only asexually with a generation that bears the sex organs and 
so produces sex cells is shown in ail gradations in the coelenterates. In 
Hydra, both asexual and sexual reproduction occurs in the polyp stage, 
there being no alternation of generations; in Obelia, both stages are well 
represented, the asexual generation being the hydroid colony and the 
sexual generation being the small medusa; in Gonionemm, the hydra-like 
polyp is the small inconspicuous generation, and the medusa is the con¬ 
spicuous generation; in Liriope^ there is no asexual generation. Between 
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the forms mentioned, there is a wide variety of conditions. In the corals 
and the anemones, there is no alternation of generation. 

4. Budding, Fission, Regeneration. —^The process of reproduction 
by budding and by fission is common among members of certain groups of 
the coelenterates. The groups also show remarkable powers of regenera¬ 
tion of whole animals from fragments. 

5. Commensalism and Symbiosis. —^The sea anemone on the shell 
of a crab (Fig. 30) is a good example of commensalism; they live together 
with mutual benefit, yet each could live separately, so that the association 
is not so close as the symbiotic relationship of the green Algae in Hydra 
viridis. Many other coelenterates harbor Algae and so illustrate the 
principle of symbiosis. 


III. Ctenophora 

The comb jellies^ or ctenophores, are beautiful fragile creatures, often 
classed with the coelenterates until it was discovered that their structure 
and development are very much specialized. Now they have been placed 
in a special phylum. They are transparent, gelatinous animals that 
float on the surface of the water, usually near the shore. Ctenophores 
(Gr. ktenos, comb; phoreo, to bear) have eight rows of combs. At night 
they are luminescent, and the light flashes along the rows of combs as 
they swim in the water (Fig. 216). 

Questionf 

1. How are sponges classified? 

2. Why is it said that a sponge is loosely put together? 

3. Describe the general structure of a hydra. Why may a hydra be said to resemble a 
gastrula? 

4. Describe the types of reproduction in Hydra. 

6. Compare binary fission and budding as methods of reproduction. 

6. Why is Hydra viridis green? 

7. Outline the life cycle of Obelia. 

8. (Compare the structure of a hydranth or hydra to that of a medusa. 

9. Describe the types of zooids characteristic of Hydractinia, 

10. Outline the life cycle of Aurelia, Compare this life cycle to that of Obelia, 

11. What are the general characteristics of the sea anemones? The corals? How are coral 
islands formed? 

12. Compare the alternations of generations in Obelia, Gonionemua, and Aurelia, 

13. Define; perisarc, coenosarc, hydranth, gonangium, blastostyle, gonotheca, planula, 
ephyra, strobila, diploblastic, manubrium, mesoglea. 

14. Give an account of the biological principles illustrated by the coelenterates. 

16. What is the most characteristic feature of the ctenophores? Why are they not classed 
with the coelenterates? 

Suggcftad Rafarancat 

HtMAN, L. H.; “The Invertebrates; Protosoa through Ctenophora,” McGraw-Hill Book 
Company, Inc., 1940. 

Mater, A. G.; “The Medusae of the World,” Carnegie Institute, 1910. 



CHAPTER XX 


THE FLATWORMS AND ROUNDWORMS; 
PLATYHELMINTHES AND NEMATHELMINTHES 


The smallest worm will turn, being trodden on. 

—Shakespeare. 

I. FlatwormS/ Platyhelminthes 

Flatworms and roundworms are important because so many of them 
are parasitic. Biologically, they are interesting because they show ad¬ 
vance over the coelenterates in that they have three cellular body layers, 
as have all the higher animals. These are the ectoderm, outside layer, 
endoderm, inside layer, and a middle layer, the mesoderm. Also, instead 
of the radial symmetry possessed by the coelenterates, they are bilaterally 
symmetrical. 

The flatworms may be free living or parasitic. Since they have three 
layers, they are said to be triploblastic. Platyhelminthes (Gr. platys, 
broad; helmins, worm) have flattened bodies. There are about 7,000 
species, 

A. Classification.—Four classes of Platyhelminthes are recognized: 

Class I. Turbellaria (L. turhOt disturb). Mostly free-living; found in either fresh or salt 
water; a few in the soil; some parasites; Planaria (Fig. 2170). 
f’lass II. Trbmatoda (Gr. trema, a pore; etdos, resemblance). Either ecto or endo parasites; 
liver fluke (Fig. 220). 

Class III. Cestoda (Gr. keatos, a girdle; eidos, resemblance). Parasitic; tapeworm (Fig. 221). 
Class IV. Nemertinea (Gr. nemertes, unerring). Often classed in a separate phylum; 
Cerehraitdus. 

B. Representatives. 1. Planaria. —This common flatworm is the 
form often used as a type for the study of flatworms. It is about 20 mm. 
in length, is bilaterally symmetrical, and is triploblastic, i.^., has three 
germ layers, ectoderm, endoderm, and mesoderm. 

a. Habitat .—^The Planaria are found in fresh water clinging to the 
undersides of logs or stones. They are easily collected by placing a piece 
of raw liver in the stream for some hours, after which the meat will 
usually be covered with worms. 

b. External Features ,—The Planaria has a definite head (Fig. 21760 
differing in this respect from Hydra. The upper surface of the body is 
termed the dorsal surface and the undersurface, the ventral surface. On 
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the dorsal surface of the head are two eyespots. The surface of the body 
is covered with cilia. The mouth is in a peculiar position on the ventral 
surface posterior to the middle of the animal. A small genital pore is also 
on the ventral surface, just behind the mouth. 

c. The Digestive System and Digestion .—^The digestive system consists 
of a mouth, a tubular muscular organ, the pharynx, and an intestine 
containing three main trunks, which are much branched (Fig. 217C). 



ABC 


Fis. 217.—General orsanization in three classes o^ Turbellarta. (After von Graff.) (A) 
Rhabdocoel. (B) Polyclad. (C) Triclad (Ptanaria). The disestive system is represented in cell 
outlines and nuclei; testes are closely stippled; ovary is at posterior extremity on risht. In B 
and C, the male reproductive system is stippled on the left of the body and the female repro¬ 
ductive orsans on the risht. (From Van Cleave, Invertebrate Zoolosy.) 

The proboscis may be protruded and used as a seizing organ for food. 
Sucking movements are possible through the action of a muscular 
pharynx. These movements tear the food into small bits, and it is then 
swallowed. Although there is some extracellular digestion in the gastro- 
vascular cavity of Planaria^ as in Hydra^ digestion is mainly intracellular. 
Certain cells lining the intestine are able to form pseudopodia and ingest 
solid food, thus forming food vacuoles. Digestion takes place in these 
food vacuoles, and the digested food is then absorbed and passes by 
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diffusion throughout the tissues of the body. Indigestible remains of the 
food are eliminated through the mouth. 

d. The Excretory System and Excretion, —In none of the forms studied 
thus far was there an excretory system. Planaria has a complex excretory 
system, which consists of a network of tubes running the length of 
the body on each side. Side branches from these tubes end in flame cells, 
so named because the beating of the cilia within them suggests the flicker¬ 
ing of a flame (Fig. 218). Each flame cell has a hollow center that is con¬ 
tinuous with the cavity of the tubules of the system. The beating of the 
cilia creates a current that causes the material in solution to move 
through the tubules to several minute pores that open to the outside. 

e. Muscles and Locomotion, —The body of 
Planaria is muscular. There is a set of circular 
muscles just Under the ectoderm, also longi¬ 
tudinal and oblique fibers lying in the mesoderm. 
The surface of the animal is covered with cilia. 
In the surface layer, or ectoderm^ are also gland 
cells that secrete a sort of slime upon which the 
animal moves in a slow’ gliding motion, aided by 
the cilia. 

/. Nervous System, —At the anterior end of 
Planaria is a bilobed mass of nerve tissue, often 
called a brain. From these lobes, two nerve 
cords extend posteriorly one on either side and 
give off branches to all parts of the body. The 
two strands are connected by many cross 
branches, which have been likened to the rungs 
of a ladder (Fig. 217). The brain and the 
branches constitute the central nervous system. 
However, the brain is not necessary for muscular 
coordination in Planaria^ since the body will 
move along after the head containing the brain has been removed. In 
addition to the central nervous system, a nerve net is present. 

g. Sense Organs and Irritability, —In addition to the eyes, which have 
been mentioned, sensory cells are distributed over the surface of the 
body. They may be specialized for different functions, as the reception of 
stimuli for touch, temperature, and the like. Pointed projections, or 
sensory lobes, on either side of the head are sensitive to touch and water 
currents. They may be sensitive to other stimuli. 

h. Regeneration, —^The planarians show the same remarkable powers 
of regeneration as have been shown by the Protozoa and the coelenterates. 
If the animal is cut into two pieces, the anterior piece will regenerate a 



Fig. SI 8.--—Diagram of a 
flame cell. (Adapted from 
various sources by 6. 
Shamos.) 
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tail, and the posterior piece will regenerate a head. A section removed 
from the body (Fig. 219) will regenerate both head and tail. 

Some grafting experiments reveal that the head of the Planaria 
dominates the body; also, that any level controls the region posterior to 
it; i-e., the animal has definite polarity. For example, if a piece of the 
head region be grafted in a more posterior region, it will grow out into a 
head and at the same time influence the region around it to cooperate in 
forming a new pharynx near the grafted head. Experiments also show 
that the anterior part of the body regenerates faster than the posterior 
region. 

r. Reproduction, —The Planaria has a 
very complicated system for sexual re¬ 
production. The animals are hermaph¬ 
rodites; i.e., each animal has a complete 
set of male and female sex organs, but 
exchange of sperms takes place so that 
the eggs of one animal are fertilized by 
sperm from another animal (cross-ferti¬ 
lization). After the breeding season, the 
reproductive organs degenerate and are 
renewed at the next breeding time. The 
reproductive organs of the Planaria are 
too complex to be described here (Fig. 

217). 

Asexual reproduction. —Not all 
species of Planaria reproduce asexually, 
but some multiply by transverse fission, 
the constriction occurring behind the pherynx. After the two parts have 
separated, each piece regenerates the missiag part. 

2. The Liver Fluke; Fasciola Hepatic a. —This species is a repre¬ 
sentative of the Trematoda. 

a. Habitat .—In the adult stage, the sheep li\'er fluke lives in the bile 
ducts of sheep, cows, pigs, and occasionally in man. It causes much damage 
every year. In spite of this, it has a very interesting and complicated life 
cycle. Since there are so many stages and the sui^cess of the animals in 
each of the stages depends upon so many factors, it serves as an excel¬ 
lent illustration of how living things may survive in^pite of many environ¬ 
mental complications. 

h. General Features .—In many respects, 'J - sheep liver fluke resembles 
the planarians in both body form and structure. A few differences may 
be pointed out. The mouth is surrounded by a muscular disk, the anierior 
sucker. There is a central sucker^ which is used for attachment only. 



Fig. 219.-^Rescneration in Planaria. 
(B. Shamoi.) 
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Midway between the anterior and posterior suckers is the genital opening^ 
and at the posterior end of the body is the excretory pore. 

c. Internal Features. —The digestive system is somewhat similar to 
that of Planaria^ being much branched and ramifying to all parts of the 
body. The excretory system, instead of having two main tubes, as in 
Planaria^ has only one tube and only one opening. In other respects, it 
resembles that of Planaria. The nervous system is of the planarian type. 
There are also three layers of muscles, a circular layer, a longitudinal 
layer, and an oblique layer. As in all animals, beginning with the flat- 



Fis. 220.—^The li^e cycle of the li%‘er fluke. Fasciola hepatica. (A) Adult fluke. (B) Ess. 
(C) Miracidium. (D) Sporocyst. (E) r<ediae. (F) Cercariae. (G) Cyst. (Adapted from various 
authors by B. F. Edwards.) 


worms, three cellular la'«xrs are present in the body, the ectoderm, meso¬ 
derm, and endoderm. Be ^ween the body wall and the alimentary canal lies 
a loose tissue, the parmchyma (Gr. para, beside; enchyma, infusion) in 
which the internal organs are embedded. 

d. Life Cycle. —Th? liver flukes are hermaphrodites and have compli¬ 
cated reproductive sy «tems. One fluke may produce as many as 500,000 
eggs, and since there nay be 200 more flukes in the liver of a single 
sheep, over 100 million *ay ue laid in one parasitized sheep. 

Before leaving the body of the parent, the eggs begin segmentation. 
They pass through the bile ducts of the sheep to the alimentary canal 
and are carried to the outside with the excrement of the sheep. If they 
chance to reach water, they hatch into free-swimming, ciliated larvae 
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called miracidia. After a time, they die, unless they reach the body of a 
certain species of fresh-water snail into which they burrow, each forming 
a sac-like sporocyst. Within the sporocyst develops another larval stage, 
the redia. These break through the wall of the sporocyst and go into the 
tissues, where they may reproduce by an asexual method for one or more 
generations, thereby increasing their numbers. Finally, however, these 
rediae produce a third type of larva, the cercariae. These leave the snail, 
swim about for a time, then crawl upon a blade of grass and encyst. 
There they remain until a sheep eats the grass. In the alimentary canal 
of the sheep, the cyst wall dissolves, and the young flukes bore through 
the intestinal wall, the liver and bile ducts. In about 6 weeks they 
become mature, and the cycle begins all over again. 

The complex life cycle of the liver fluke may be summarized as follows: 

1. The adult fluke lives in the bile ducts within the liver of sheep, 
cows, pigs, and occasionally man. ^Vheii mature, the flukes lay eggs, which 
])ass down the bile ducts into the intestine and then to the outside with 
the feces. 

2. The eggs, upon reaching water, develop into free-swimming, 
ciliated larvae, miracidia (Fig. 220C). 

3. The miracidia find a certain species of fresh-water snail into which 

they burrow, forming a sac-like sporocyst. Later the sporocysts develop 
into a second kind of larva, redia. These reproduce in an asexual manner 
for one or more generations (Fig. E). Finally the rediae produce a 

third type of larva, the 

4. Cercariae, which are free-swimming. After a time, these encyst on 
the grass, and, (Fig. 220G) if eaten by sheep, the cyst will dissolve and 
the young flukes find their way to the bile ducts in the liver. In about 
6 weeks, they become mature flukes, begin to lay eggs, and so begin a new 
cycle (Fig. 220.4). 

3. The Tapeworm, Taenia. —^The tapeworms are members of the 
third class of flatworms, the Cestoda. They are long, ribbon-like animals 
and are endoparasites. 

a. Habitat .—^Many types of tapeworms live in the intestines of almost 
all groups of vertebrate animals. The members of genus Taenia live as 
adults in the alimentary canal of man. There are two common species. 
Taenia solium^ which man gets from eating uncooked pork, and T. 
saginata, which he gets from eating imcooked beef. 

b. General Features of Taenia solium .—When fully grown, this tape¬ 
worm is usually from 6 to 10 ft. long, though it may reach a length of 
25 ft. The head is very small, about the size of a pinhead. It is knob-like 
and is armed with from 22 to 32 hooks and 4 suckers, by which it anchors 
itself to the intestine, and is able to hold on in spite of the constant pas¬ 
sage of material in the intestine. The body is whitish in color and flat;. 
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resembling a dirty piece of white tape, divided by grooves running across 
the body into about 600 to 2,500 segments called progloUids (Gr. pro, 
before; gloUa^ tongue). These proglottids bud oflP just behind the head 



(Fig. 221). For this reason, the youngest proglottids are behind the head 
and are small, increasing in size along the length of the animal until the 
mature size is reached. 

Since the tapeworm does not do its own digesting, it has no need of a 
special digestive system. It absorbs digested food through the body wall. 



Fig, 222.—(A) Cysticereus (bladdcrworm), with inverted scolex. (B) Cysticercus with 
everted Kolex. (C) Diegrem of « proglottid, showing organs of reproduction. (D) Sperm 
duct (E) Excretory duct. (N) Nerve cord. (O) Ovary. (S) Shell gland. (T) Testis. (U) Uterus. 
(V) Vagina. (Y) Yolic gland. (After Leucichari From Wieman, General Zoology.) 

The nervous system resembles that of planaria but is less well developed. 
Excretory tubes (Fig. 222) with branches ending in flame cells open at 
the posterior end and cany wastes from the body. 
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c. Reproduction and Life Cycle .—When each of the proglottids is 
mature, it contains a full set of reproductive organs (Fig. A ripe 

proglottid, ready to be cast off, is filled almost completely with eggs. 
When the proglottids are cast off, they are carried to the outside with the 
human feces. If they happen to be swallowed by pigs, the eggs hatch in 
the alimentary canal, and then the embryos, having six hooks, burrow 
into the intestinal wall and make their way or are carried in the blood 
to the muscles, where they produce egg-shaped cysts. These cysts grow 
into little sacs, which are called bladder worms or cysticerci (Fig. 
and B). From the inside wall of the cyst, an inverted head develops. 
When uncooked pork is eaten by man, the walls of the “bladder” are 
digested off, the head everts, and the young embryo attaches itself to the 
intestinal wall by means of the suckers on its head. Pork that is infested 
with bladder worms is called “measley ” pork. Cysts may develop in man 
as well as in pigs and sometimes may get into the eyes or brain with 
disastrous results. 

Taenia saginata has a life cycle similar to that of T. solium. The cow 
gets the infection by eating grass polluted with excreta from a person 
infected with this tapeworm. Man, as has been said, gets this species by 
eating rare or uncooked beef. No hooks are present on the head as in 
T. Solium. 

4. The Nemertinea. —^The nemertines (page 312) are often placed 
in the phylum Platyhelminthes. They are, however, uncertain in their 
relationships and for this reason may be regarded as a separate phylum. 
They are mostly marine, living coiled up in burrows in the sand. How¬ 
ever, some of them live among the seaweeds. 

They have an alimentary canal with mouth and anus, a distinct blood 
vascular system, and an excretory system with flame cells. There is a long 
proboscis that may be thrust out of its sheath. 

The nemertines exhibit remarkable powers of regeneration. The hel¬ 
met-shaped larva of the nemertines is known as the pilidium (Gr. pili- 
dium, dim. of pilos^ a cup) larva, and this has a superficial resemblance 
to the trochophore larva of the annelids (Fig. 223). 

C. Biological Principles Illustrated by the Flatworms.—^The flatworms 
exhibit a number of features that are possessed by all higher animals. 
For this reason, they may be said to show distinct advances in the biologi¬ 
cal scale of life. 

1. Three Layers op Cells. —^Three cellular layers are present; 
the ectoderm^ or outside layer; the mesoderm^ or middle layer, and the 
endoderm^ or inside layers. In the flatworms, as well as in higher animals, 
these three layers give rise to organs an<J systems of organs. 

2. Differentiation op a Head.— The flatworms are the first of the 
animal groups to have a definite head with sense organs and a brain and 
central nervous system. 
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S. Symmetry. —^The flatworms are bilaterally symmetrical, the 
structures of the body are arranged symmetrically on two sides. Bilateral 
animals have right and left sides and dorsal and ventral surfaces. All 
animals classed as bilaterally symmetrical are not perfectly so, since one 
side may be more developed than the other, and there may be other 
differences. 

4. Parasitism. —^The principle of parasitism has been shown to exist 
even in the protozoan group. When one finds such complex examples 
of the way in which parasites live as the liver fluke and the tapeworm, 
the question naturally arises, how did parasitism arise? A study of the 
tapeworm shows that parasites often lose many of their organs as they 
become adjusted to a parasitic way of living, as in the case of loss of a 
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Fis. 223.—^The pilidium larva of a Ncmertinc. This larva bears a superficial resemblance to 
the trochophore larva of the Annelids and Mollusics. (From Wolcott, Animal Biology.) 


specific digestive system. Active, free-living animals need well-developed 
muscular and nervous systems, but since parasites do not, there is very 
often a degeneration of these systems, also; however, there is an amazing 
development of the reproductive system. Large numbers of offspring 
must be produced if the race is to survive. There are so many hazards 
in the transfer of individuals from one host to another that there is a 
very great mortality in parasites during the completion of their life cycles. 

A parasitic way of life requires two things* an adaptation on the part 
of the parasite and also an adaptation on the part of the host. The host 
may take care of parasites in two ways: (1) it may develop an immunity 
to the toxic substances given off by the parasite, or (2) it may form a cyst 
around it, as in the case of the bjadder-worm larva of the tapeworm. 

It is more than probable that the art of parasitism begins with a 
harmless commensal association; certain adjustments take place, and 
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then the parasite begins to feed on the tissues of the host and later begins 
to be dependent upon the host for food, either the tissues or the digested 
food of the host. As pointed out in an earlier chapter (page 55), the rela¬ 
tionship of commensalism, symbiosis, and parasitism may all be mani¬ 
festations of the same sort of process. 

il. The Roundworms, Nemathelminthes 

The roundworm, or threadworm, group is often spoken of as the unseg¬ 
mented roundworms to distinguish them from the segmented worms^ the 
annelids. It is an important group because so many of its members are 
parasites that are found in most animal groups and even in plants. 

A. Habitat and General Features.—^The roundworms live in almost 

every place where other animals can live. Some live in fresh water, some 
in salt water, in the soil, and in plant and animal tissues. They range in 
length from about 34 ^ form, they are long and cylindrical, 

tapering at each end. The animals lack locomotor organs and respiratory 
and circulatory systems. Movement is effected through muscular con¬ 
tractions of the body. 

B. Classification.—The Nematoda are the most important class of 
the roundworms, because hookworm and Trichinella and other parasites 
of man are included here. 

Class I. Nematoda (Gr. nematos^ a thread; eidos, form). Ascaris, Trichinella, hookworms* 
Class II. Nematomorpha (Gr. nemcUos, a thread; morphe, form), or Gordiaceae* Hairworms, 
which as adults live in water. Classification is uncertain, since tliey are unlike typical 
nematodes; Gordius* 

Worms of uncertain classification but often included with the nematodes: Acanthooephala 
(Gr. akanthos, thorn; kephale, head), Echinorhynchus; Chaetognatha (Gr. chaite, horsehair; 
gnathos, the cheek), the arrowworm, Sagitta* 

C. Comparison with Flatworms.—^Nemathelminthes differ from Platy- 
helminthes in that the Platyhelminthes are flat, the Nemathelminthes are 
round; there is an absence of cilia in the roundworms, and the intestine 
has two openings; there is a dorsal and ventral nerve cord in the round- 
worms that is unlike the lateral nerve cords in Planaria. 

Some of the common examples of the roundworms are Ascaris, 
Trichinella, Enterobius vermicidaris, pinworm, Trichuris trichura, whip¬ 
worm, Loa loa, eyeworm, and Dracunctdtis medinensis, guinea worm 
(Fig. £24). On account of the complexity of these animals and a lack 
of agreement as to whether many of their features are degenerate or 
primitive, a study of their anatomy is usually omitted in first year 
Biology. Certain of their life histories are, however, important for the 
student in general biology, and they are always included. 

D. Some Important Representatives. 1. Ascabis LtniRicomBs is 
the form usually studied as a representative of the roundworm. It is 
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Fig. 224.-—Nematode parasitet of man. (a) Trichinella tpiralii, adult female. (X 37.) 
(b) Paragordius varius, a "hone-hair snake" pseudoparasitic in the digestive tract. (Length, 
10-30 cm.) (c) Wuchereria bancrofti, a microfilaria from the blood. ( X 500.) (d) Dracunculus 
medinensis, the guinea worm, wound up on a stick. (About 2>^ feet long.) (e) Enterobius 
vermicularis, the pinworm, female. (X 10.) (From Hegner, College Zoology, The Macmillan 
Company, after various authon.) 

2. Hookworm. —^The two common species of hookworms parasitic 
in man are Necator americanuSi the New World species, and AncyhsUma 
duodenaU, the Old World species. They cause much suffering and loss 
of efficiency, especially in the Southern part of the United States, They 
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are small worms, visible as whitish threads, which bite the lining of the 
intestine and suck the blood and lymph. If many worms are present, 
much blood is lost, and the patient becomes anemic and “lazy,** both 



Fig. 225.—*Th« life cycle of the hookworm, Necetor americanus. (A) Eggs from the adult 
worms pass out of the intestine of the host and are deposited on the ground. Eggs hatch and 
embryos go a short distance In the ground. (C) The fully developed larva attaches itself to a 
grain of sand or pebble and is ready to infect the human host. Entering the skin of the foot, 
the larvae are cawied in the blood stream to the heart and from there to the lungs. From the 
lungs they make their way to the windpipe, or trachea, into the esophagus and are swallowed. 
When they reach the intestine they attach themselves to its wails and begin to feed upon the 
blood of the host They obtain the blood by piercing the lining of the intestine. (B. F. Edwards.) 

physically and mentally, and on account of injury to the lungs is sub¬ 
ject to tuberculosis. Children infected with hookworms are retarded 
in development. A single worm may produce as many as 10,000 eggs a 
day. The eggs pass out of the body in the waste material of the host. 
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Embryos hatch in about 24 hours in moist soil, and in about 5 days the 
young larvae are about mm. in length. These young larvae usually 
gain entrance to a new host by boring through the skin of the feet (Fig. 
225). They then bore into the blood vessels, are carried to the heart 
and from there to the lungs. From the lungs they make their way through 
the windpipe into the throat, are swallowed, and, after passing through 
the stomach, reach the intestine. Here the mature worms begin to feed 
by puncturing the intestinal wall and sucking blood and lymph. The 
worm injects a small amount of poison into the wound which prevents 
coagulation of the blood. This leads to much loss of blood even after the 
worm has left the wound. Length of life of the hookworm is about 5 
years. 

It is estimated that there are 2 million persons in the United States 
suffering from hookworm disease. Preventive measures are proper 
disposal of human excrement and wearing of shoes to prevent infection 
through the feet. Hookworm disease is easily cured with proper medical 
care. 

3. Other Important Roundworms. —^For the life cycles of Filaria, 
causative agent of elephantiasis, and Trichinellay the organism causing 
trichinosis^ see pages 818 and 819. 

E. Biological Principles Illustrated by the Roundworms. 1. Body 
Cavity. —body cavity is present, and the animal exhibits the ‘Hube- 
within-a-tube’’ type of body. This cavity, however, is not the same as 
the coelom of the higher animals, which is lined with mesodermic epi¬ 
thelium. The wall of the roundworms is composed of ectoderm on the 
outside and mesoderm on the inside, but the alimentary tube is composed 
of endoderm only. 

2. Body Plan. —The “tube-within-a-tube’" plan of the higher 
animals is shown by the roundworms. 

3. Parasitism. —The parasitic forms show degeneration of the sense 
organs. The simplicity of organization, absence of segmentation structure 
of muscle cells, etc., in the roundworms are thought by some authorities 
to be a sign of degeneracy; by others, these features are regarded as 
primitive. 

Questions 

1. Why are flatworms said to be triploblastic? 

2. What important parasites are in the flat worm group? 

3. Compare a hydra with a planarian with regard to external features and digestive, 
excretory, and nervous systems. 

4. Discuss regeneration in Planaria, 

5. Give a full account of the life cycle of the liver fluke of the sheep. Of what advantage 
to the liver fluke is it to have so many larval stages? 

6. Describe the general features of a tapeworm. How does man become infected with 
the human tapeworm? At what stage in the life cycle? What stages in the life cycle of 



NEMATHELMINTHES 325 

Taenia live in hogs and cattle? Is there any difference between the pork and beef 
tapeworms? Describe reproduction in the tapeworm. 

7. Why does the tapeworm not need complex digestive organs? 

8 . Define: bladder worm, proglottid, pilidium, miracidium, redia, cercaria, sporocyst. 

9. What are some biological advances shown by flat worms? 

10. Compare a fiatworm and a roundworm. 

11a. Give an account of the life cycle of the hookworm. 

h. Why are hookworm victims anemic and subject to tuberculosis? 

12. What biological advances are shown by the roundworms? 
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CHAPTER XXI 


ANIMALS OF UNCERTAIN RELATIONSHIPS/ 
BRYOZOA, BRACHIOPODA, TROCHELMINTHES, ETC. 

To him who in the love of Nature holds 
Communion with her visible forms, she speaks 
A various language. 

—Bryant. 

Moss animals, lamp shells, rotifers, Gastrotricha, and arrowworms 
are obscure in their relationships with other 
W/ animals. They are mentioned briefly here 

^ because some of them are very common in 

\ protozoan cultures and because the survey of 

the animal kingdom would not be complete 
without some mention of them. 


^ I. Bryozoa 

Fig. 226.—Avkttlarlum, 
or -vuHur. h..d" of Basul.. 

The **he«d** hat a flexible The Moss Animals.—These animals get 
neck and the organelle moves their name from the fact that they form moss- 

to and fro. lb fun^ion is not coverings on rocks, etc., in the water. They 
known. (M. Hamilton.) r i i. j • j • 

resemble the hydroids m appearance, since 

they are fixed to some support, are transparent, and are somewhat 
similar in shape. One form common along the Atlantic coast, Bugula^ 



Fig. 227.<^-*Mots animal, Cristatalla. Model of a fresh water colony (much enlarged). (Cotifw 
tesy of the American Museum of Natural History.) 

develops a structure that resembles a bird’s head (Fig. 286) and for this 
reason is sometimes called a vulture-head^ mose animal. Cristatella (Fig. 
227) is an interesting fresh-water species. 
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il. Brachiopoda 

(L. brachtum, arm, poda, foot) 

The Lamp Shells.—The lamp shells resemble Mollusca. They get 
their common name from the fact that in certain species the shape of the 
shell suggests an antique lamp (Fig. 49.4, Magellania), Lamp shells are of 
particular interest to zoologists, because they have changed very little 
in size, shape, and structure since the Silurian period in the world’s history 
some 300 million years ago. In the past ages, many species of lamp shells 
existed, but only a few species are still alive today. 

The moss animals and lamp shells are often classed together as the 
Molluscoida. 

III. Trochelminthes; the Rotifera, Wheel Animalcules 

(L. rota, a wheel; /errr, to carry) 

A. Habitat.—These wheel animalcules are often present in fresh¬ 
water cultures; however, some of them are marine. A few of the rotifers 
are parasites. Most of them are free-swimming, but a few are attached to 
rocks or sticks. 

B. General Features. —Rotifers get their name from the fact that in 
some of them disks of cilia (Fig. 228) are located at the anterior end. When 
the cilia are in motion, these disks give the appearance of moving wheels. 
Rotifers are microscopic in size and are often found in Protozoa cultures. 
One of the peculiarities possessed by rotifers is their ability to withstand 
“drying out” for long periods of time. In this condition, they are blown 
about by the wind. 

The body is bilaterally symmetrical and is covered externally with a 
cuticle. The trochal disk is at the anterior end. Various modifications of 
two bands of cilia surround the mouth. At the posterior end is a tail or 
foot. In many species, this is forked; in others, there are cement or 
adhesive glands. The tail or foot is also an organ of locomotion by which 
the animal pushes itself along. 

C. Internal Features.—The body cavity is a false coelom. In it are 
located the internal organs. The mouth leads into the pharynx, and 
inside of the pharynx is a mill-like organ, the mastax. This is composed 
of chitinous jaws that masticate the food. The pharynx leads into a short 
esophagus, and this, in turn, leads into the stomach. Joined to the stomach 
is the intestine, which leads to the cloaca, and this leads to the outside 
through the anus. Cilia line most of the internal surface of the alimentary 
canal and aid in moving the food material through it. Food is digested 
in the glandular stomach; the undigested particles pass through the 
intestine into the cloaca and out through the anus. 

The excretory system is well developed. It consists of a number of 
flame cells, which lead posteriorly by two nephridial ducts into a bladder, 
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which contracts at intervals and empties into the cloaca, and out through 
the anus. 

D* Reproduction. —The reproduction of rotifers has been the subject 
of much investigation on account of the natural parthenogenesis that 
occurs. Parthenogenesis (page 355) is reproduction from eggs that have 
not been fertilized. Males are always smaller than the females and may 
even live as parasites on the female. Sometimes, as a result of a change in 
environment, particularly in the type of food supply, parthenogenetic 
females will give rise to eggs that will produce both females and males. 
Whitney has shown that if Hydatina senta is fed a colorless flagellate, 



Fig. 228.—A colony of tube building rotifers. (Courtesy of The Americen Museum of 

Natural History.) 

Polytoma^ mostly female-producing daughters appear, but when it is fed 
a green flagellate, Chlamydomonas^ many male-producing daughters 
appear. 

The female has an ovary for egg production, a yolk gland for supply¬ 
ing the yolk, and an oviduct for carrying the eggs from the ovary to the 
cloaca. They are discharged to the outside through the anus. The male 
has a testis for producing sperm and a penis for transferring them to the 
female. Rotifers may lay eggs (oviparous) or bring forth their young alive 
(ovoviparous). 

Two types of eggs are produced: (1) winter eggs which are fertilized, 
have thick shells, and develop into females; and (2) summer eggs; 
the latter develop parthenogenetically, are thin-shelled and are of two 
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sizes. The larger of these produces females; the smaller, males. A sum¬ 
mary of the life cycle of a rotifer is as follows: 

Egos of the Late Summeb 


Female 


Female 

Large egg 


Small egg 

Female 


Male 

Egg 

d- 

Winter eggtt^ 

Sperm 

Females 


Females 

Eggs 

Summer 

Eggs 


Parthenogenesis for many 
generations 

Females Females 

Then repeat 

^ FeriilizcMl eggs that pans the winter in a thick shell. 

The winter eggs lie dormant in the water for a time, or until conditions 
are favorable for hatching. The young embryos resemble the trochophore 
larvae of the annelids and mollusks. There is not very much change from 
this in the adult condition. 

E. Biological Principles Illustrated by the Rotifers. 1. Paktheno- 
GENESis, or production of animals from eggs that have not been fertilized. 

2. Sexual Dimorphism, a striking difference between the male and 
female individuals. 

3. Trochophore Larva. —The larva of the rotifers is a trochophore 
larva similar to that of the annelids and the mollusks. Certain adult 
rotifers are so much like the trochophore larva as to suggest that they 
may represent the survival of a primitive type. 

IV. Chaetognatha 

Chaetognatfaa (page 321).—These animals are sometimes classed 
with the Nemathelminthcs, They are small, slender, transparent marine 
invertebrates with distinct coelom, alimentary canal, nervous system, 
two eyes, and other sensory structures. 

SagittUy the arrowworm, is the best known example. 

V. Phoronidea 

(Gr. surname, Phoronis) 

Sometimes the animals of this small group of about a dozen species 
are classed with the Molluscoidea, sometimes with other groups. They 
are small marine animals of sedentary habits. Most of them live in tubes. 
The larva (actinotrocha) resembles the trochophore larva of the annelids. 

Questions 

1. Rotifers live in water, yet they may be blown about by the wind. Explain. 

2. How do rotifers exhibit a natural parthenogenesis? 
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3. What is the difference between the summer and winter eggs of rotifers ? 

4* How does the type of food supply influence the production of different kinds of eggs 
in rotifers? 

6. Describe the life cycle of a typical rotifer. 

6. Is there any significance in the fact that the larva of the rotifer is of the trochophore 
t3rpe? 

7. Define: trochal disk, mastax, ovoviparous, viviparous, dimorphism. 
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CHAPTER XXII 

THE ANNELIDA 

Man is certainly stark mad; he cannot make a worm, and yet be will be making 
gods by the dozens. 

—Montaigne. 

The segmented worms form a large group of animals found widely 
distributed. They live in the moist ground, in the sea, and in fresh water. 
In adapting themselves to so many situations, many have become 
aberrant, so that the general characteristics of the group do not apply 
to these specialized forms. There are about 4,500 species of annelids. 

A. General Features. —The annelids (L. annellus^ a little ring; eidos^ 
resemblance) are so named because their bodies are segmented, internally 
and externally. These segments do not appear as buds, as was the case 
with the tapeworm, but are partitions of a single animal. Annelid charac¬ 
teristics may be summarized as follows: (1) bilateral symmetry, (2) 
presence of a true coelom, (3) presence of segments called metameres, (4) 
an excretory system composed of nephridia, (5) and a ventral nervous 
system. Many have segmented, non jointed appendages. 

In addition to sexual reproduction, many annelids reproduce in an 
asexual manner by transverse fission. This occurs from the posterior end, 
works forward, and may result in a temporary chain-like colony. 

It is the fashion to speak of the “lowly worm’’ or the “poor worm,” 
yet worms are well organized and, as the following description of the 
earthworm will show, they are “fearfully and wonderfully made.” 

B. Classification. 

Class I. Archiannelida (Gr. archi, first or primitive; annelida). Primitive marine forms; 
Polygordius (Fig. 229). 

Class II. Chabtopoda (Gr. chaite, hair; poua, foot). Setae or hair-like appendages present. 

Coelom present; earthworm, Lumbricus, and sand worm; Nereis (Fig. 238). 

Class III. Hibudinba (Gr. hirndo, leech). Flattened forms with anterior suckers for blood 
sucking and posterior suckers for attachment. No setae; leeches (Fig. 239). 

Class IV. Gefhyrea. Annelids without segmentation, setae, or parapodia; BoneUia, 

C. Representatives. —^Nearly all classes in biology use the earthworm 
as a form for study, either as a representative of the annelid group or as a 
type form that illustrates many biological principles. A close relative, 
the sandworm, Nereis, is also often used either as a type or for comparison 
purposes. 
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1. The Eabthworm; Ltjmbricus terrbstris. —There are many types 
of earthworms, but the species terrestris is a good form for study on 
account of its size and availability. It is called angleworm^ night crawler^ 
and other names. 

a. Habitat. —Earthworms live in burrows in moist, rich soil in regions 
where the climate is not too cold. They cannot live where it is too dry, 
since the moist skin serves as a means of respiration. The burrows are 
very little larger than the diameter of the body. Sometimes they burrow 
as far as 6 ft. down into the ground, but generally they are only about 
2 ft. deep. 



Fis. 229.—-Polysordius. (A) «nd (B) Two ftages in the development of the trochophore 
larva which grows by the addition of segments to the posterior end. (C) Dorsal view of the 
adult (A) Anus. (G) Rudimentary supra-oesophageal ganglion. (M) Mouth, (N) Proto- 
nephridium, provided with flame cells. (T) Tentacles. (After Hatschek and Fraipont. From 
Wieman, General Zoology.) 

6. External Features of Lumbricus (L. lumbricuSy earthworm) terrestris. 
(1) Body shape and segmentation. —^The body is round, flattened on 
the ventral surface, and both dorsal and ventral surfaces are somewhat 
flattened at the posterior region. The worm may grow from 8 to 14 in. 
in length; it is slender and segmented, the number of segments, or meta- 
meres, varying up to 150. There are 31 segments from the anterior part 
of the animal to the bulge forming the clitellum, and this number remains 
constant, whereas the number Behind the clitellum may vary, depending 
upon the size of the animal. A sort of fleshy lip overhangs the mouth 
of the earthworm. This is the prostomium (L. pro, before; stomuy mouth) 
and it is not considered a true segment. Because the mouth opening is 
on the \m49T9idc of the first segment, this segment is not complete. 
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(2) The cuticle. —^This is a protective covering secreted by the 
ectoderm beneath it. It is iridescent and contains minute pores through 
which secretions of the unicellular glands beneath are poured out; there 
is also an exchange of gases between the blood just beneath the cuticle 
and the moist soil. The surface of the body is somewhat “slimy’’ and 
presents a shiny appearance on account of the mucus secreted by the 
glands in the skin. This mucus helps to keep the animal from drying 
out. 

(3) The clitellum. —Segments 31 or 3^ to 37 are somewhat fused to 
form a saddle-shaped structure known as the clitellum (L. clitellae, a pack- 



VENTRAL VIEW 

Fis. 230.—^Thc earthworm, external views. (B. Shamoi.) 


saddle) (Fig. 230). The function of this is to secrete a cocoon in which 
the eggs and sperm are deposited (see below). 

(4) The setae. —Each segment except the first three and the last 
bears four pairs of chitinous bristles, the setae (L. seta^ a bristle). Two 
pairs are on the ventral surface and one pair on each side. They are 
moved by retractor muscles and aid the worm in moving around. The 
setae aid the animal in crawling and are of especial service to it in climbing 
out of a burrow. If an attempt is made to pull a worm from its burrow, 
it extends ita setae and holds on “for dear life.” The setae near the 
anterior end hold the worm in place while the posterior part of the body 
is being drawn forward. 
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(5) Openings. —The internal structures are related to certain seg¬ 
ments. For this reason, the segments are numbered in all figures of the 
earthworm. The external openings of various organs locate their position 
in the body. They are as follows: 

1. The mouthy ventral half of the first segment. 

£. Openings of the sperm ducts, or vasa deferentia, segment 15. 

S. Openings of the oviducts, segment 14. Not easily seen. 

4. Openings of the sac-like organs (the seminal receptacles), which 
receive and store sperm, between the ninth and tenth and tenth and 
eleventh segments. Not easily seen. 

5. Openings for the ducts of the nephridia, the nephridiopores, A pair 
in each segment except the first three and the last. They are immediately 
anterior to the outer setae of the inner pairs. Not easily seen. 

6. Dorsal pores through which the body cavity communicates with the 
outside. These are located in the mid-dorsal line at the anterior edge of 
each somite from the eighth or ninth to the posterior end of the body. 
Not easily seen. 

7. Opening of the alimentary canal (the anus) in the last segment. 

c. Internal Features, (1) Body plan. —If a longitudinal cut is made 
through the body wall of an earthworm on the dorsal surface, a little to 
one side of the center, and the cut edges are pinned back (Fig. 231), the 
general plan of the body is seen to be a “tube within a tube,” the ali¬ 
mentary canal being the inside tube and the body wall the outside tube. 
The space between the alimentary canal and the body wall is the body cav¬ 
ity or coelom. This body cavity is divided into compartments by many 
partitions (or septa), which correspond to the grooves on the outside, 
except that the septa are absent between segments 1 and 2, and incom¬ 
plete between segments 3 and 4 as well as segments 17 and 18. The 
walls of the coelom are lined with an epithelium, the peritoneum. 

A colorless fluid fills the coelomic cavity and flows from one com¬ 
partment to another. 

The alimentary canal is continuous and passes through the septa. 
Above the alimentary canal is the dorsal blood vessel, beneath it is the 
ventral blood vessel and the nerve cord. 

(2) The digestive system and digestion. —^The mouth of the earth¬ 
worm leads into a mouth cavity or buccal pouch. In segments 4 and 5 is a 
muscular pharynx, which is used for sucking in food particles. Behind 
the pharynx is the esophagus,^ which extends from segment 6 to 14 and 
then enlarges to form the thin-walled crop, or proventricrilus, in which food 
is stored. Just back of this, in segments 17 and 18, is the muscular gizzard 
in which food is ground into fine particles. The stornach-intestine follows 
the gizzard. It is infolded at the middle of the dorsal surface; this fold, 

^ Also spelled oesophagiu. 
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which is called the typhlosole (Gr. typhlos, blind; solen^ channel) forms 
a ridge or projection that hangs down into the cavity of the intestine. 
This is shown in Fig. 233, which represents a cross section of the earth¬ 
worm in the region of the stomach intestine. The typhlosole increases 
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MOUTH I OESOPHAGUS CROP GIZZARD INtESTINE 
PHARYNX 

Fts. 232.—Diasram of a lonsitudinal section of an earthworm, side view. (B. Shamos.) 


the absorbing surface of the stomach intestine and may perform other 
functions that are not well understood. 

When the food reaches the esophagus, a secretion from the calciferous 
glands (Fig. 232) is mixed with it. This secretion is alkaline, but its exact 
fimction is not known. It may neutralize any acid that is present in the 



food. From the esophagus the food passes into the crop, which is a place 
of temporary storage; it then enters the gizzard. Here it is reduced to 
fine particles and thoroughly mixed. From the gizzard it passes on into 
the stomach-intestine. 
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As has been previously pointed out, foods to be digested by living 
organisms must be in soluble form. The walls of the stomach intestine 
contain glands that secrete enzymes. These possess the power of break¬ 
ing down three types of food, carbohydrates, proteins, and fats. The food 
is split up by enzymes into simpler substances, which are then absorbed 
through the walls of the stomach intestine and transported to all parts of 
the body by the circulatory system and the fluid of the body cavity. 

The food of the earthworm consists of dead animals and plants. This 
material is sucked into the mouth while the worms are out of their bur¬ 
rows at night. They usually keep the tip of the tail in the burrow. This 
enables them to '‘beat a hasty retreat’* if disturbed. Earthworms swallow 
quantities of earth while feeding. After the nutritive material contained 
in this earth is absorbed, the residue is deposited on the surface of the 
ground in the form of “castings,” which form little piles of earth near 
the burrows of the worms. 

(3) The circulatory system and its functions. —^The circulatory 
system of the earthworm is a closed system; i.e.y there is a complicated 
system of blood vessels through which the blood makes a complete 
circuit. 

(a) The Blood.—^The blood consists of a liquid portion, the plasma, in 
which float colorless cells, the corpuscles. The red blood corpuscles of the 
higher animals are red because they carry a chemical substance, hemo- 
globin (Gr. haimo, blood; L. globus, globe), which has an affinity for 
oxygen. In the earthworm, this substance is dissolved in the plasma 
instead of being carried by the corpuscles, and therefore the plasma is red. 

{b) The Blood Vessels.—^Just above the alimentary canal lies a large 
vessel, the dorsal blood vessel. This is easily seen in the living worm, since 
the skin is quite transparent. In the region of the esophagus, branches 
from the dorsal vessel become enlarged to form five pairs of pulsating 
loops, the so-called hearts (Fig. 234), which surround the esophagus and 
connect with the ventral vessel, which lies just above the nerve cord. A 
blood vessel lies on each side {lateral neural) of the nerve cord and one 
{subneural vessel) underneath it. These five longitudinal trunks, with 
many branches and capillaries and some minute lymph spaces, make up 
the circulatory system of the earthworm. This is a closed circulatory 
system and represents a great advance ov6r the condition that exists in 
Hydra and other lower invertebrates. 

(c) The Circulation.—Blood is forced forward in the dorsal vessel by 
wave-like {peristaUic) contractions of the vessel. Valves are present in 
this vessel that prevent the backflow of the blood from the anterior end. 
From the dorsal vessel, the blood passes into the five pairs of “hearts” or 
aortic loops to the ventral vessel. There are valves in the “hearts,” also, 
that allow the blood to flow in only one direction. From the ventral 
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vessel, the blood passes to the body wall and the nephridia. Since the 
earthworm uses its skin as a respiratory organ, carbon dioxide is given up 
and oxygen taken in by the blood that circulates in the capillaries in the 
skin. The oxygenated blood returns from the body wall to the lateral 
neural vessels, i,e,y the two long longitudinal trunks on each side of the 
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Fi$, S34.—(A) Circulatory system of the earthworm in the resion of the aortic loops or 
'^hearts'* (anterior end). (B) Cross section of the earthworm showing the relations of the blood 
vessels to each other in segment XIV. (F. A. Baker.) 


nerve cord. From here it passes to the subneural vessel beneath the nerve 
cord. The direction of the flow in the subneural trunk is posterior, and 
then the blood passes upward to the dorsal vessel through the parietal 
vessels. 

(d) Functions of the Blood.—^The blood is the transportation highway 
for oxygen, food, wastes, and other substances. When the blood flows 
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to the outer skin of the earthworm, the hemoglobin is loosely associated 
with the carbon dioxide. The carbon dioxide passes out through the 
skin while oxygen from the air passes through the skin and unites with 
the hemoglobin, forming oxyhemoglobin. The tissues must have oxygen 
for the purpose of respiration. The blood flows away from the body wall 
to the capillaries in the tissues. Exchange of materials between the blood 
and the tissue takes place in very small lymph spaces (see below). Blood 
also transports other substances, such as secretions from the glands, etc. 

(e) The Lymph.—Blood plasma and a few corpuscles make up the 
lymph, which passes from the blood stream through the capillaries to the 
tissues and bathes the tissue cells. The lymph is, therefore, the “middle¬ 
man” between the l)lood and the tissues. It takes the oxygen to the 



Fig. 235.—Diasrammatic view of the nephridium of an earthworm. In the body this is 
invested with soft connective tissue and the loops of the tubule are crowded together. Highly 
magnified. (From Wolcott, Animal Biology.) 

tissues from the blood and collects carbon dioxide and the waste prod¬ 
ucts of metabolism and then enters the blood stream through the capil¬ 
laries. The fluid in the body cavity resembles the lymph; it also receives 
some of the wastes from the tissues. 

(4) Respiratoky system and its functions. —The process of 
respiration has been described in connection with the circulatory system. 
The earthworm uses its moist outer skin to obtain oxygen and to get rid 
of carbon dioxide. In other words, the skin functions as a respiratory 
organ. This is possible because of the large number of small blood vessels 
just underneath the surface. 

(5) The excretory system and excretion. —^Two coiled organs 
with ciliated funnels are present in each segment, except the first three 
and the last; these are the excretory organs, or nephridia (Gr. nephridws, 
of the kidneys). In Fig. 231, only two of these nephridia are represented. 
Some of the wastes also pass directly to the exterior from the fluid in the 
body cavity through the pores in the body wall. A single nephridium 
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consists of a ciliated funnel (the nephrostome) and a thin, much coiled 
tube (Fig. 235). The cilia of the nephrostome beat, creating a current that 
brings the coelomic fluid containing nitrogenous wastes from the coelom 
into the tubule. It passes out of the tubule by way of the nephridioporcy 
an opening for each tubule on the ventral surface of the animal (Fig. 
230). The nephrostome passes through the septum that contains the 
tubule. 

(6) The nervous system. —In Hydra, the nervous system was simply 
a net of nerve fibers. In the earthworm, just above the pharynx in the 
third segment are two masses or collections of nerve cells called ganglia; 
these constitute the “brain” of the earthworm. From the anterior end of 
these two ganglia, nerves extend to the lip (Fig. 236), and from each 
ganglion a nerve passes downward, surrounds the pharynx, and joins the 
ventral nerve cord. These are the drcumpharyngeal connectives which 
connect with a pair of subpharyngeal ganglia just beneath the pharynx. 
These ganglia mark the beginning of the ventral nerve cord, which 
enlarges into a ganglion in each segment and gives off three pairs of 
nerves in every segment posterior to 4. Each of these ganglia is really 
two that are fused together. Near the dorsal surface of the cord are 
three longitudinal “giant fibers” or neurochords that conduct impulses 
directly from one end of the body to the other. The brain and ventral 
nerve cord form the central nervous system while the associated nerves, 
afferent and efferent, constitute a peripheral nervous system. Thus the 
earthworm possesses a well-organized nervous system. 

Stimuli are received by sensory cells and passed to the ventral nerve 
cord by afferent nerves. They are sent out by efferent neurones. Here is a 
simple reflex. 

Sense Organs.—The earthworm does not possess eyes, yet it is sensi¬ 
tive to light. This sensitiveness to light is due to certain nerve cells 
located in the skin. 

Experiments have demonstrated that earthworms prefer certain 
types of food, such as cabbage leaves, carrots, etc., and must, therefore, 
possess senses of taste and smell. 

(7) Muscles and motion. —The earthworm has a well-developed 
muscular system. In the body wall there are (1) an outside circular layer 
and (2) an inside longitudinal layer (Fig. 233). These contract in such 
a way as to produce a muscular wave and so aid in locomotion. The wall 
of the intestine also has a layer of longitudinal muscles, and these con¬ 
tract to produce the peristaltic wave that forces the food along the ali¬ 
mentary canal and expels wastes. There are also muscles in the walls of 
the blood vessels, in the muscular tube of the nephridia, and in the outer 
sheath of the nerve cord. Muscles also attach the pharynx to the body 
wall. 
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The setae are moved by two sets of muscles. One set, the protractors, 
pull the setae outward; the other set, the retractors, contract and draw 
the setae back in their sacs. Both sets of muscles are attached to the inner 
ends of the setae. The earthworm moves along by means of the setae 
and by contractions of the muscles in the body wall. 

(8) Regeneration and grafting. —Most invertebrates possess the 
power of regeneration, and the earthworm is no exception. It is a more 
highly organized animal than Hydra, and regeneration occurs less easily; 
the extent of regeneration depends upon where the worm is cut. If the 
front end is cut off anywhere back to the eighteenth segment, a new 
anterior will appear, but only segments 1 to 5 are regenerated. If it is 



Pis. 836.—'Anterior end of the nervous system of the earthworm showing cerebral ganglion 
and larger nerves. (P) Prostomium. (BC) Buccal cavity. (CG) Cerebral ganglion. (CPC) 
Circumpharyngeal connective. (AN) (MN) (PN) Segmental nerves. (M) Mouth. (SG) 
Subpharyngeal ganglion. (After Mess.) 

cut off back of the eighteenth segment, not a new anterior end but 
another tail will grow out! Naturally, such a worm, with a tail at each 
end but no mouth, will starve to death. If it is cut across the posterior 
end, a new tail will be regenerated consisting of many segments. The 
anal segment is restored first, and the new segments grow in between this 
and the old part of the worm. 

It is possible to graft several pieces of earthworm together; thus very 
long worms may be obtained. Extra tails may be grafted from one worm 
to another, and other combinations may be made. 

(9) Reproductive system and reproduction. —The earthworm is 
provided with both male and female reproductive organs; it is, therefore, 
a hermaphrodite. In the ovaries, female gametes, or eggs, are produced. 
The ovaries are small and hence difficult to find, even though one knows 
the segment (IS) in which they lie. Two oviducts with ciliated funnels are 
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present; the funnels also lie in segment 13. The oviducts pass through the 
septum between segments 13 and 14 and enlarge into egg sacs in segment 
14. These structures cannot be seen easily except in mature worms during 
the breeding season. 

The male organs consist of three pairs of conspicuous seminal vesicles, 
two pairs of testes, and two pairs of sperm ducts or vasa defercntia. The 
testes comprise two pairs of glove-shaped organs enclosed in a chamber 
formed by the walls of the seminal vesicles. Behind each testis is a sperm 
duct with a ciliated funnel. The two sperm ducts on each side unite and 



Fig. S37.—CopuUting earthworms. (Courtesy of The General Biological Supply House.) 


continue back to segment 15, where they open to the outside (Fig. 231), 
They are easy to see. The sperm pass out of the testes and into the sem¬ 
inal vesicles, where they are stored. Now, although the earthworm pos¬ 
sesses both male and female reproductive organs, its eggs are not fertilized 
by its own sperm. Between segments 9 and 10 and 10 and 11 are two 
pairs of sacs (seminal receptacles) for receiving sperm from another worm. 
Two worms come together (Pig. 237), or copulate, in such a manner 
that their anterior ends point in opposite directions, and the ventral 
surface of the clitellum of one is opposite the ninth and tenth segments 
of the other. Mucus is secreted and a slime tube is formed. Then the 
spermatozoa are expelled from the seminal vesicles of each worm, and 
these pass along the seminal grooves and into the seminal receptacles of 
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the other worm. The worms then separate, each carrying portions of 
the dime tube. Inside the slime tube, the clitellum secretes a substance 
which forms a sort of cocoon or sac. This slips over segment 14 and 
receives eggs, then over segments 9-11 and receives sperm; the cocoon 
then slips over the head of the worm and hardens. Inside this little 
cocoon, the sperms fertilize the eggs, and here the young worms begin 
their development. 

(10) Development of the earthworm. —^The fertilized egg soon 
divides into two equal parts. It has, then, cleavage of the holoblastic type 
(page 259); a hollow blastula is formed. Soon after the segmentation 
cavity is formed, two cells, known as the mesoblastic cells, move into the 
cleavage cavity. These divide, forming two mesoblast bands (Fig. 238), 
and from these the mesoderm develops. As the mesoderm is developing in 
the cleavage cavity, gastrulation occurs by invagination to form the 
endoderm and ectoderm. The gastrula elongates, and the archenteron 
opens at both ends to form mouth and anus. As the mesoderm fills the 
space between the entoderm and the ectoderm, segmental cavities 
develop, which are the cavities of the segments. In about two or three 
weeks, the embryo escapes from the cocoon as a small worm. 

The larva of many annelids is called a trochophore (Gr. trochos, wheel; 
pharos, to bear) larva (Fig. 229). It is of special interest, because some 
other animal phyla develop a similar larva in the early stages. The larva 
of a Molluscan, for example, is a trochophore larva in its early stages 
and is much like that of the annelids but becomes very different as it 
develops. This seems to show a relationship between the very dissimilar 
mollusks and the annelids. 

d. The Importance of Earthworms, —^Earthworms are biologically 
important as illustrating certain biological principles (see below). They 
serve as a food supply for many animals—birds, frogs, etc.; in addition, 
they are of importance to man. It is estimated that an acre of soil may 
contain as many as 50,000 earthworms. Charles Darwin, the great English 
biologist, wrote a book called the “Formation of Vegetable Mold through 
the Action of Worms.” He observed the activities of earthworms over a 
period of more than 40 years, and from the facts he gathered made some 
calculations that are very interesting. He estimated that more than 18 
tons of earthy castings may be carried to the surface of a single acre of 
ground by earthworms in a single year; in 20 years, these castings would 
form a layer 8 in. thick. Darwin mentions a stony field that was so 
changed by earthworms that “after thirty years (1871) a horse could 
gallop over the compact turf from one end to another and not strike a 
single stone with its shoes.” Thus a stony field may be changed into 
pasture land in a few years. More important than this, however, is the 
fact that the constant burrowing of earthworms renders the soil more 
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a. Habitat —The Nereis burrows in the sand, leaving only the head 
protruding, or swiras in the salt water. It is abundant along the Atlantic 
coast of the United States. It is less specialized than the earthworm, 
although it belongs to the same class. Since the earthworm has been 
fully described, only brief mention will be made of the features of the 
Nereis, 

h. External Features .—^The Nereis is distinguished from the earth¬ 
worm by its flattened body, distinct head and appendages. Like the 
earthworm, however, it is segmented externally and internally. The 
prostomium hanging over tlie mouth bears two kinds of appendages, 
which are tactile in function; (1) the dorsal tentacles and (2) the ventral 
palps. There are also two pairs of eyes on the profrtomium. The first 
segment is called the peristomium (Gr. pm, around; stoma, mouth) and 
bears two pair of tentacles, or cirri. The rest of the segments are alike, 
except the posterior one, which bears a pair of cirri. The lateral append¬ 
ages of the Nereis are of especial interest. These are called parapodia 
(Gr. para, beside; pous, foot) and are of especial interest because they 
are used in respiration and locomotion. Each parapodium has two fleshy 
lobes, a dorsal notopodium and a ventral neuropodium; and each of these 
surrounds a large bristle or seta (adculum), to which the muscles of the 
parapodium are attached. Both notopodia and neuropodia have large 
groups of bristles or setae. A dorsal and ventral cirrus is usually present 
(Fig. %S9C). 

The body is covered with a cidicle secreted by the epidermis. 

c. Internal Features, (1) Muscles, locomotion. —^Beneath the epi¬ 
dermis is a layer of circular mmcles, and underneath that is a longitudinal 
layer. These layers make up the body wall. There are other muscles in 
the intestine and in the parapodia. The Nereis swims by undulations of 
its body and by use of the parapodia. 

(2) Coelom. —The Nereis has the “tube within a tube” type of body 
ajso. A true coelom^ lined with mesodermal epithelium, is present. 

(3) Digestive system. —Nereis has a pair of chitinous jaws and a 
musculan pharynx, which can be everted to form a sort of proboscis. 
The pharynx narrows to form the esophagus, which has a digestive gland 
opening into it on each side. The esophagus joins the straight stomach- 
intestine, which extends the length of the animal and opens to the outside 
through the anus. 

(4) CiRCtJLATOKY SYSTEM. —There is a dorsal vessel that is connected 
with a ventral vessel in each segment by right and left transverse vessels. 
There are many branches and capillaries, giving the Nereis a well- 
organized blood system. The hemoglobin, which gives the blood its red 
color, is dissolved in the plasma and not in the corpuscles, as in the case 
of the vertebrates. 
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(5) Respihatory system. —There is some exchange of gases through 
the skin of the Nereis, However, this surface is greatly increased by the 
thin, flattened parapodia. In these appendages is an extensive network 



Fis. 239.—(A) Nereis vireni, the sendworm. (Cowleiy Generel Blolosicel Supply 
House.) (B) Aiietomy ol Nereis. (From Pericer end HeswdI, A Textbook oF Zoology, 
The Mecmillan Company.) (O Parapodium ^ Nereis. (Froei Wieman, General Zootofy, 
after Quatrcfases.) 

of capillaries. Here, as well as in the blood vessels in the body walh the 
blood receives oxygen and gives up carbon dioxide. 

(6) Hxcbstory system. —^Paired nephridia of the earthworm t3^e 
are present in nearly idl the segments. 
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(7) Nervous system and sense organs. —In the head, there is a 
pair of mprapharyngeal ganglia, the so-called brain. These are con¬ 
nected by the circumpharyngeal connectives with the subpharyngeal 
ganglia, which in turn join a ventral nerve cord running the length of 


the animal and having a pair of ganglia in each 
segment. From these ganglia, branches are given 
oflf to all parts of the body. The two pairs of eyes 
appear to be able to see moving objects. The 
tactile organs were mentioned above. 

(8) Reproductive system and reproduction. 
The reproductive system is simple, although the 
sexes are separate. Gonads are in all segments 
except those in the anterior end of the body. The 
sex cells, ova or sperm, as the case may be, arise 
in the lining of the coelom. These are shed in the 
water, where fertilization takes place. A typical 
ciliated swimming trochophore larva is developed. 
This settles to the bottom and develops into a 
young worm. 

3. Hirudinea. —These are the Leeches, They 
have dorsoventrally flattened bodies, a prostomium, 
and a definite number of segments (Fig. 240). The 
leech does not add segments as it grows older, nor 
does its external segmentation correspond to the 
internal segments, since there are fewer internal 
segments, A number of fine lines traverse each 
external segment. There are also two suckers, one 
surrounding the mouth and another at the posterior 



Fis-240.—A black 
leach. These animals 


end for the purpose of attachment. The coelom have suckers at each 

cavity is almost obliterated by a growth of coimec- **f**ff*®' 

^ ^ ^ • sucker is to **hold on 

tive tissue. The animals have no bristles or para- anterior 

podia. They are hermaphrodites. I, drawins 

The medical leech Hirudo (Gr. hirvdo, leech) blood from other anl- 


medidnalia is of special interest because of its use by 
physicians in “blood letting,"’ The blood meal is 
taken by the leech as follows: The animal attaches 
itself by the posterior sucker, makes a wound with 
the mouth, and begins to suck blood. The salivary 


mals. Some leeches 
can swallow three 
times their own weight 
in blood. (Photograph 
by C. Clarke.) 


Uganda of leeches manufacture a substance called hirudin, which keeps 


the blood from coagulating. 

The mouth is provided with three jaws with chitinous teeth for biting. 
The pharynx is muscular, and this leads into the crop, which has 11 pairs 
of lateral branches. The blood is sucked in and stored in the pouches 
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until it is digested in the small globular stomach. After the blood meal, 
the leech drops oflf and becomes inactive while digesting the large amount 
of blood. One of these animals can ingest three times its weight in blood, 
and it may take 9 months to digest this meal! 

4. Other Annelids. —There are some beautiful worms! Some of these 
are all colors of the rainbow and live in tubes. Others are not beautiful 



Fi 9 . S41.—A tubt-dwelling worm, Chadopterus, The water It drawn throush the tuba 
by **fiapi** or wlng-lika ttructuras near the middle of the body of the worm. These move bade 
and forth creating a current 

but are interesting. For example, the Chaetopterus lives in a U-shaped 
tube (Fig. 241) and is luminescent. Its eggs are often used for embryo- 
logical studies. 

5. Biological Principles and Problems Illustrated by the 
Annelids. —Many important biological advances over the groups studied 
to date are shown by the earthworms. 
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а. Closed System of Blood Vessels. —There is an efficient blood-t^trans- 
portation system, which is characteristic of higher animals. 

б. Body Plan and Coelom. —The tube-within-a-tube type of body is 
characteristic of all higher animals. It is made possible by the appearance 
of a body cavity lined with mesodermic epithelium, a true coelom. 

c. Metamerism. —^The division of the earthworm’s body into segments 
is an important advance. The most successful animals that live on the 
earth today possess bodies built on this plan; these are the annelids, the 
arthropods, and the vertebrates. The division of the body into segments 
makes it possible for certain segments to specialize in different functions. 
It is easy to observe this characteristic in the earthworm and in other 
annelids, as well as in the arthropods, such as the grasshopper, but it is 
not so easy to recognize in the vertebrates; yet the backbone, made up of 
a row of similar bones (the vertebrae), shows that segmentation exists 
in the vertebrates, also. 

d. Trochophore Larva. —^The trochophore larva of the annelids is quite 
similar to that of several widely different phyla. This gives a basis for 
study of relationships of all the groups that have this type of larva. 

e. Distinct Head. —The emphasis of head development, or process of 
cephalization^ is carried much further in the arthropod and vertebrate 
groups than it is among the annelids. For the first time, there is a distinct 
head {Nereis). 

J. Nephridia. —^There is a new type of excretory system, the nephridia. 

Question! 

1. In addition to the earthworm, what are some other types of annelids? 

2. Why is it impossible for earthworms to live in dry places? 

8. Why do earthworms come up to the surface at night? Do they ever come up in the 
daytime? Explain. 

4. What type of symmetry is exhibited by earthworms? What is meant by a “ tube within a 
tube” type of body? 

6. Why are animals with segmented bodies “successful” in competition with other animals? 
What are some other groups of animals that are segmented? 

6. Describe locomotion in an earthworm. Of what use are the lateral setae? 

7. The earthworm usually extends only a portion of its body from its burrow when seeking 
food. Explain. 

8 . Give a running account of digestion in the earthworm. Include in this account a discus¬ 
sion of the organs and structures and enzymes concerned with digestion. 



CHAPTER XXra 

THE ECHINODERMATA 


Let the mere starfish in his vault 
Crawl in a wash of weed indeed, 

Rose-jacynth to the finger-tips. 

—Browning. 

I. The Echinoderm Group 

(Gr. eehinojtf hedgehog; derma, skin) 

A. General Features. —^The echinoderms are called the spiny-skinned 
animals, because they are covered with an endoskeleton, which has 
imbedded in it spines of various sorts. Cuvier classified these animals with 
some others as the Radiata on account of their radial symmetry. It was 
found, however, that the radial symmetry of the coelenterates is primary^ 
whereas that of the echinoderms is secondary, being derived from a 
bilateral larval condition. 

Many types of animals are foimd in the echinoderm group, especially 
along the seashore, about 4,000 species. 

B. Classification. 

Class I. Asteroidea (Gr. aster, star; eidos, resemblance). Typically free-moving, five-rayed 
animals with arms not sharply marked off from the disk and the body somewhat flattened. 
The internal visceral organs extend into the arms. An ambulacral groove is present in 
each arm; starfish (Fig. 242). 

Class II. OpHitmoiDBA (Gr, ophis, snake; oura, tail; eidos, resemblance). The brittle stars. 
These are distinguished from the starfish by having the arms sharply marked off from the 
disk and by the absence of ambulacral grooves; brittle stars (Fig. 249A), basket stars. 
Class III. Echinoidba (Gr. eckinos, hedgehog; eidos, resemblance). These animals are 
covered with spines and there are no free arms or rays; sea urchin (Fig. 249B), sand dollar. 
Class IV. Holothurioidea (Gr. holos, whole; thurios, rushing). Animals with soft muscular 
bodies, the body wall having only small calcareous plates. Around the mouth are branch¬ 
ing contractile tentacles; sea cucumber (Fig. 250). 

Class V. Cbinoidea (Gr. krinos, lily; eidos, resemblance). The crinoids resemble flowers. 
Some are fixed, some free-moving; the five arms are branched; sea lUy (Fig.^251), 

C. Representatives. 1 . The Stabfish; Astebiab (Gr., cuteriaa, 
starred).—^This is the best known member of the echinoderms. They are 
found along the seacoasts and are often seen clinging to piles or other 
objects in the salt water (Fig. 28). 

a. External Featwree .—^The common starfish (Fig.' 242) possesses five 
arms or rays, but there are numy species that have more than five. 
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These arms surround a central disk. The aboral surface is covered with 
spines of various types, and between the spines are dermal branchiae, 
or papillae. To keep these papillae free from debris, pincer-like or jaw¬ 
like structures, the pedicellariae, are arranged around the bases of the 
spines (Fig. 243-4). There are large and small pedicellariae, which serve 
to protect the dermal branchiae as well as to keep the body surface 
free from foreign objects. 

On the central disk, on the aboral side, is the opening for the water 
vascular system, the madreporite^ a sieve-like structure. Near this is the 
anuSy not easily seen. Two rays and that part of the disk near the 
madrepore form the hivium; the other three arms and their adjacent 
portions of the disk form the trivium. 



Pis. 84S.—^Thc common ftarfiih, Asterias. (Dr. E. H. Runyon.) 

b. Internal Features. (1) The Skeleton. —^The starfish has an endo- 
skeleton; calcareous plates, or ossiclesy are bound together by connective 
tissue and support the body. The body is capable of some movement, 
however, for the arms may be flexed. The two middle rows of plates are 
called the ambulacral plateSy and between these plates are pores, the 
ambuUuyral pores, through which the tube feet project. Outer rows of 
plates form the margin of the groove (adambulacral plates), and five 
fiat oral ossicles surround the mouth. 

(2) Coelom. —^There is a large coelom, extending into the arms, filled 

with coelomic fluid. ♦ 

(3) Digestive system and its functions. —^The mouth leitds through 
a very short esophagus into the stomach, which has two portions. The 
portion that joins the esophagus, or the cardiac portion, is partially 
separated from the pyloric portion by a constriction (Fig. 244). In each 
arm there is a pair of large ^andular structures, the hepatic or the pyloric 
caeca, ecxh connected with the pyloric portion of the stomach by a duct 
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(Fig. 244). The functions of these glands is the production of digestive 
enzymes. From the pyloric portion of the stomach, a short rectum, or 
intestine, empties to the outside through the pore-like anus near the 
madreporite. A pair of branched pouches, the rectal caeca, probably have 
an excretory function. 
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Fi9. 243.-—(A) Diagram of a cross section of the arm of a starfish showing relationship of the 

structures. (B) The water vascular system of a starfish. (F. Baker.) 

♦ 

(4) Fo6d, —^The starfish is very partial to shellfish. It catches its 
prey with its arms and then “humps over,” as shown in Fig. 245. The 
ends of the tube feet are sucking disks. These are attached to the shells, 
and a steady pull is exerted until the mussel, clam, or other bivalve 
opens its shell. If the animal is too large to be swallowed by the starfish, 
it everts its stomach through its mouth, spreads it over the soft moliusk. 
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and digests its prey in situ; i.e., digestive juices are poured over the 
mollusk and the animal digested in its own shell. The digested food is 
then taken into the stomach of the starfish. Retractor muscles pull the 
stomach back into its place after feeding is completed. The digested food 
is absorbed through the walls of the digestive canal into the coelom to 
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Fig. 244.—Diagram of a longitudinal section through the disk and arm of a starfish. (Gon.) 
Gonad. (P. C.) Perivisceral cavity. (P. S.) Pyloric sac. (F. A. Baker.) 


be distributed by the coelomic fluid. The fluid in the coelom is kept in 
motion by the cilia. Undigested matter is ejected through the mouth. 

(5) Watkr VAScutiAR SYSTEM.—^This is a system peculiar to echino- 
derms (Fig. 243i?). It consists of a madreporite, the stone canal, and a 
complicated system of tubes. The stone canal is connected with a ring 



,, . . J 

Fig. 245.—Starfish attacking an oyster. Starfish do much damage to oyster beds. They also 
eat mussels and other shellfish. (Courtesy of the U.S. Bureau of Fisheries.) 

around the mouth and runs upward to the madreporite. Inside the miff 
canal are nine small bodies, Tiedemann's bodies^ the stone canal joining the 
ring canal where the tenth might be expected. Amoeboid cells are pro¬ 
duced in these bodies, which are of gland-like structure. Five radial canals, 
one in each arm, pass outward above the ambulacral grooves. From the 
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radial canals side branches are given oflf, from which arise the tube feet and 
ampullae. The tube feet serve several functions, which will be referred to 
later. Primarily, however, they are organs of locomotion. 

(6) CiBCULATiON. —Running parallel to the water vascular system 
is a series of vessels that make up the circulatory system. The coelomic 
fluid also serves as part of this system, since it absorbs the digested 
food and distributes it. In this fluid are certain cells, the amoebocytes^ 
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Rg, S46.-«-Cit«va3c of the' starfish ess snd the formation of the blastuia and gastrula. 

(F. A. Baker.) 


which have the power of picking up particles of waste material and carry¬ 
ing them to the dermal branchiae. From here they pass to the exterior. 

(7) Respiration. —^The dermal branchiae are extensions of the 
coelomic wall (Fig. 94SA). In addition to the work mentioned above, 
they have a respiratory function. 

(8) Excbbtion. —^This function is carried out in part by the amoe- 
bocytes. There is also a certain amount of diffusion of wastes through the 
walls of the tube feet and the dermal branchiae. The reeled caeca^ men* 
tioned above, probably have an excretory ftmetion. 

(9) Nebvoxts system and sense organs. —^Around the mouth is the 
oral netpe ring^ and extending from this, a branch goes the length of 
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each arm, ending in a pink eyespot. There is also a small anal nerve ring 
from which branches extend to the nerve cells distributed in the epidermis. 

The pedicellaria and tube feet are sensitive to touch, and the eyespot 
is sensitive to light. 

(10) Reproduction and life cycle. —The sexes are separate, there 
being five pairs of gonads in each animal. These lie in the cavities of the 
rays, a pair in each ray, beside the pyloric caeca. Pores from each pair of 
gonads open to the outside between the angles of the rays or arms. 
Eggs are produced by ovaries in the female, and sperm are produced in 



Fig. 247.—Compariton of Tomaria larva with larval Echinodarmi. Main ciliated bands In 
blacky lesser systems cross-lined. Ventral aspect: (A) Tomaria; (6) Auricularia (sea cucum¬ 
ber)/ (C) Bipinnarla (starfish). Lateral view: (AO Tornaria; (BO Auricularia/ (COBlpInnarla. 
(After Wilder. From Lull, Orsanic Evolution, The Macmillan Company.) 

the testes of the male. These are shed into the water, and fertilization of 
the eggs takes place there. 

The starfish egg has been much studied by students in biology, since 
the development of the early stages is easy to follow. Total or holo- 
Mastic cleavage occurs, and a hollow-ball Uastvla is formed (Fig. 246). 
This is ciliated and swims about. After a short time, there is an infolding 
of the blastula to form the gastrula^ and this develops into a ciliated 
swimming larva (Pig. 246). It is called the bipinnaria larva and somewhat 
resembles the tomaria larva of Balanoglosstis, a lower chordate (Fig. 247). 

Starfish and other echinoderm eggs are of interest in the study of 
biology because they may be made to develop parthenogenetioally. 
Jacques Loeb, in 1000, was able to raise free-swimming larvae from 
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unfertilized eggs by subjecting them to various stimuli. Since that time 
much work has been done along this line by using various concentrations 
of acids, sea water, centrifuging, pricking, and the like. 

Other types of experiments with starfish or other 
echinoderm eggs include separation of the blasto- 
meres of a dividing (fertilized) egg. Up to about the 
20-ccllcd stage, each of these will develop into an 
entire animal. Not all types of eggs will develop* in 
this manner. 

Experiments have also been performed in crossing 
one species with another. This is possible in some 
cases. Also, nuclei of the eggs have been removed and 
then the eggs fertilized by sperm of another species. 

Echinoderm Larvae.—The larvae of the different 
classes of echinoderms begin development in the 
same way but become distinct types. Their names are 
bipinnaria (starfish group), ophiopIiUeus (brittle-star 
group), echinoplutetuH (sea-urchin group), auricularia 
(sea-cucumber group), crinoid larva (sea-lily group). 

(11) Regeneration and autotomy. —The star¬ 
fish has the power of regenerating any arm that may 
be lost (Fig. 248). One arm with a small piece of the 
disk will regenerate an entire starfish if conditions 
are favorable. If an arm is mutilated or caught by an enemy, it may 
be cast off at its base where it joins the disk. This self-mutilation is 
called aiUotomy (Gr. autos ^ self; txyme^ cutting). 


Fi 9 . S49.—(A) '*Briftle** or serpent itarflib, Opfiiura or Ophiodtmia. (Dr. R. W. Horner.) 
(B) Sea urchin, Arbacia. (Courtesy of the American Museum of Natural History.) 

c. Importance of Starfish .—Starfish destroy great numbers of oysters, 
clams, and other marine animals used as human food. Since a single 
starfish may eat as many as two dozen oysters in a single day, they are 





Fig. 248.—Re- 
generation of four star¬ 
fish arms. (Dr. E. H. 
Runyon.) 
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very destructive to oyster beds. Before their powers of regeneration 
were known, they used to be “swept” up with a frayed rope “mop,” 
then broken up and thrown back into the water, making several starfish 
where one grew before! 

2. The Brittle Stars and Basket Stars. —These are representa¬ 
tives of class 2, Ophiuroidea. Since they possess long, snake-like arms, 
they are sometimes called “serpent stars” (Fig. 249^). In certain species, 
the long arms are branched. They can move about comparatively 
rapidly, can climb, and almost “run” along the sea bottom. 

The feeding habits of brittle stars are very different from those of 
starfish. Minute organisms and decaying matter that lie on the mud of 
the sea bottom are scooped into the mouth by means of special tube feet; 
rows of spines extend over the mouth opening and serve as strainers. 



Fis. 250.— Sea cucumber, Pentacta frondota. (Courtesy of the American Museum of Natural 

History.) 

keeping out particles that are too large. About 2,000 species of brittle 
stars have been described. 

Some species of basket stars are said to branch so often that the tiny 
end branches reach the enormous number of 80,000! These branches are 
useful as a means of clinging to seaweed and corals and in capturing small 
animals. 

Arms are easily lost and regenerated; mutilated arms may be cast off 
(autotomy). 

3. The Sea Urchins, Echinoidea. —Arbacia are often called sea 
hedgehogs because they are covered with long, sharp, movable spines (Fig. 
249B). In certain species, these spines are poisonous. The skeleton of the 
common sea urchin is made up of plates fitted together so as to form a 
hollow ball. At mouth end are five teeth connected with a structure called 
AfistotU^e lantern. This complicated structure appears to be used for 
grinding. Other representatives of the sea-urqhin group (Echinoidea) are 
the heart urchin, Echinocardium^ and the sand dollar, Echinorafiknius. 
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4. The Sea Cttcumbers, Holothurioidea, —The only thing about 
the sea cucumber that resembles a cucumber is its shape. The mouth is 
surrounded by branched tentacles that are contractile (Fig. 250). The 
body is soft and bears tube feet along its sides. Dried sea cucumbers are 
sold under the name of trepang or beche de mer (worm of the sea). They 
are used for food in the countries of the South Pacific Ocean and in China. 

The sea cucumber has a most remarkable power of regeneration. 

When irritated, the muscles contract 
to cause a split in the body wall 
near the anus. The viscera is then 
ejected there or forced through the 
mouth. This is a protective device, 
because the enemies of the sea cucum¬ 
ber become entangled in the swollen 
visceral mass. The sea cucumber can 
then regenerate the viscera. 

5. The Sea Lilies, Crinoidea. 
The sea lily is often referred to as a 
feather star (Fig. 251). This seems 
to be an appropriate name, since its 
arms (usually five in number) are 
much branched and featherlike. These 
animals are usually attached to some 
solid object in the sea, but sometimes 
they break away from their stalk and 
swim about for a time. 

In ancient times, the crinoids were 
the most numerous of all echinoderms. 
Fossil forms are numerous, especially, 
in Paleozoic deposits, where whole 
beds of limestone were formed chiefly of their remains. 

II. Biolosical Principles and Problems 
Represented by the Echinoderms 

A. Radial Symmetry* —All the echinoderms have bilateral symmetry 
as larvae. It is evident, therefore, that the radial symmetry, so char* 
acteristic of all the adults, is secondarily acquired. 

B. Regeneration. —^The regeneration of lost parts is possessed by the 
echinoderms to a high degree. 

C. Artificial Parthenogenesis. —^The eggs of echinoderms may be 
made to develop without fertilization by various methods—^by use of 
chemicals, pricking, centrifuging, etc. 



251.—Sea lily, Pentacrinus. (Dr. 
E. H. Runyon.) 
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D. The Echinoderm Larva and the Larva of Balanoglossus.—The 

tornaria larva of Balanoglossiis^ one of the lower chordates, resconbles 
the echinoderm larvae to a remarkable degree both in development and 
appearance (Fig. 24?). Although nothing is really settled as to the 
origin of the vertebrates, the points of similarity in these larvae suggest 
some sort of relationship. It is only a suggestion, however, and the rela¬ 
tionship, if any, is obscure. 


Questioni 

1. Explain why the echinoderms are of biological rather than practical interest. 

2. What arc the chief characteristics of each of the five groups of echinoderms? 

3. Compare radial symmetry in the coelenterates and the echinoderms. 

4. Discuss regeneration in echinoderms. 

5. Why is the starfish of indirect economic importance? 

6. Show how the starfish egg is of importance biologically. 

7. What evolutionary significance is suggested by the resemblance of the Jarva of the 
starfish and Balanoflosausf 

8. Define: artificial parthenogenesis; autotomy; trepang. 

Susgtsttd References 
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CHAPTER XXIV 

THE MOLLUSKS 


The frugal Snail, with forecast of rept se 
Carries his house with him where’er he goes. 

—Charles Lamb. 

The mollusks (L. mollis, soft) form the second largest group of animals. 
Included in this very div^erse array of forms are such animals as chitons, 
clams, snails, oysters, whelks, devilfishes, squids, and Nautili, Comparing a 
clam with a devilfish brings out the apparent differences of the members 
of the group. The body plan, however, is similar. There are about 78,000 
species of mollusks. 

A point of biological interest is that the larvae of some of the mollusks 
are of the trochophore type, suggesting relationship to the annelids and 
other animals with this type of larva. 

I. The Mollusks in General 

A. Habitat. —Mollusks are found on land, especially in moist places 
and in fresh and salt water. 

B. General Features. —Many types of mollusk secrete calcareous 
shells, but their bodies are soft, and there is no trace of a skeleton. 
Depending upon the species, they have a symmetry that is bilateral 
(chitons) or asymmetrical (oysters, snails, etc.). The body is three¬ 
layered or triploblastic. 

The shell is secreted by a fold of the body wall, the mantle, which 
also lines the shell. The shell may be single, as is the case with the snail, 
or bivalve, as is the case with the mussels and clams. Between the mantle 
and the body is a mantle cavity. The body cavity, or coelom, is secondarily 
obliterated. The ventral part of the body is a muscular foot, so called 
because it is often used as a means of locomotion. It may be modified, 
as in the snail, for creeping; for plowing in the sand, as in the clam; or, 
as in the squid, for capturing its prey. 

C. Classification. 

Class I. Amphinettra (Gr. ampki, on both sides; neura, nerves). Marine types having 
bHaieral symmetry; on the dorsal side is a series of calcareous, overlapping plates 
(usually eight); probably the most primitive of the mollusks; Chiton (F^g. S 60 ). 

Class II. Gastropoda (Gr. poster, belly or stomach; pous, foot). Body is more or less 
^irally coiled; part of the digestive tract is in the muscular foot; in some species, as the 
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slugs, no shell; when present, it is in one piece and is usually coiled; snails, slugs, limpets, 
whelks (Figs. 257, 258^). 

Class III. ScAPHOPODA (Gr. skapho, boot; pous, fool). Elongated murine types possessing a 
trilobed foot for boring into the sand; head rudimentary; the symmetry bilateral; shell 
tusk*shaped; tooth shell, Dentalium (Fig. 259). About 800 species. 

Class IV. Pelecypoda (Or. pelekos, hatchet; pous, foot) or Larnellibranehiata (Gr. lamina, 
thin sheet; branchia, gill). Aquatic, mostly marine, having gills and heads without 
tentacles or eyes; some spoken of as headless; shells, secreted by the mantle, have 
paired valves; mussels, clams, oysters, scallops, and shipworms (Figs. 252, 25,S). 

Class V. ("epkalopoda ((ir. kephale, head; pous, foot). All marine; eye is complex and 
superficially resembles the vertebrate eye; part of the foot has grown around the head 
and has bt^en modified into tentacles, that are prehensile; one or two pairs of gills are 
present; carnivorous; used as food by man; squids, devilfish, Octopi, Nautili (Figs. 260, 
261. 262). 

II. The Fresh-water Mussel 

The mussel may be used as a type form in studying mollusk char¬ 
acteristics. It is a member of the large and important group of Pelecypoda 



Fig. 252.—Clam shall, Venus mcrcenaria (salt-water form). (A) Internal view, showing 
anterior (left) and posterior (right), adductor muscle scars, and the pallial line where mantle 
was attached. (B) External view, showing lines of growth. 

(see above). There are many species of fresh-water mussels, as well as 
the salt-water clam that it so closely resembles. The different species 
differ somewhat in structural details and in their life histories. The follow¬ 
ing account is .somewhat generalized. 

A. Habitat.—The fresh-water mussels, or clams, sometimes called 
bivalves, are usually found in the mud at the bottoms of fresh-water 
ponds and streams. 

B. External Features.—The bodies of the fresh-water mussel and 
the salt-water clam are enclosed in shells that consist of two valves of 
symmetrical halves. They are held together by a tough ligament, the 
hinge. In some species, so-called teeth are present. These are irregular 
tooth-like projections that fit together in an interlocking manner (Fig. 
258). The dome-shaped part of the shell is the umbo. This is the oldest 
part of the shell, and lines of growth center around it in concentric circles 
(Fig. 868JJ). 
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The shell has three layers, an outer horny layer, periostracurrif which 
protects it from carbonic acid in the water, a middle prismatic layer, and 
an inner pearly layer, nacreous layer. Inside the empty shell are to be 
seen the markings where the anterior and posterior adductor muscles were 
attached. Near these are the scars showing attachment of protractor 
and retractor muscles while parallel to the free margin is the pallial line 
to which the mantle was attached. 

C. Internal Structures and Their Functions. 1. The Mantle.— 
The mantle lines the two valves and encloses the body. It is a soft tissue 
and is continuous with the inhalent and exhalent siphons. The water 
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Fig, 253.—Diagram of the infernal anatomy of a fresh water mussel. The mantle and the 
gills on the near side are not shown and the body is indicated as having had a part of the wall 
cut away. The stomach, liver, gonad, pericardium, and kidney are shown in section. (From 
Wolcott, Animal Biology.) 


enters the body through the inhalent (ventral) siphon and leaves through 
the exhalent (dorsal) siphon (Fig. 853). 

8. Digestion. —The food of the mussel consists of microscopic 
organisms. The mouth opens into the mantle cavity just under the 
anterior adductor muscle. On each side of it is a pair of palps. These are 
leaf-like organs covered with cilia, which create a current, thus directing 
the water containing the food into the mouth. A sense of taste is sup¬ 
posed to be located in the palps. 

The mouth leads into a short esophagus, which, in turn, opens into the 
stomach. Here the food is mixed w:ith digestive enzymes from the diges¬ 
tive gland that surrounds the stomach and opens into it by a duct on each 
side. From the stomach, the food goes into the long coiled intestine. The 
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crystalline style^ an organ found only in molluslcs, is in a diverticulum of 
the intestine. It secretes an enzyme that is concerned with the digestion 
of carbohydrates. After coiling around, the intestine goes through the 
reduced coelom, in which the heart lies, and ends in the anus near the 
exhalent (excurrent) canal. Waste matter passes from the intestine out 
of the anus and to the outside through the excurrent canal. 

S. Circulation. —The circulatory system is of the open type. The 
heart, lying in the pericardial cavity (coelom) is wrapped around the 
intestine. It has three parts—^two auricles and a ventricle—and it pumps 
blood into the arteries. The arteries lead to blood sinuses, which are 
irregular canals in the tissues. The sinuses do not have the epithelial 
lining of the true blood vessels. Most of the returning blood is carried 
to the kidneys by the vena caval vein. After the removal of the nitrog¬ 
enous wastes, the blood goes to the gills by the afferent branchial veins, 
where it is purified. It returns to the auricles through the efferent branchial 
veins> From the auricles it goes to the ventricle and is pumped out again 
to the arteries. The colorless blood contains several types of white 
corpuscles. 

4. Respiration. —Hanging in the mantle cavity on each side of the 
body is a pair of gills that are covered with cilia. The surfaces of the gills 
have many minute pores through which the water enters the complicated 
system of tubes making up the gills. Food and other debris are left on the 
surface, being removed by currents of water. The gills have a rich blood 
supply. Oxygen is absorbed from the water by the blood circulating in 
the capillaries; at the same time carbon dioxide is passed through the cap¬ 
illary walls into the water. The deoxygenated water leaves the mantle 
cavity through the exhalent siphon. 

5. Excretion. —Just below the heart is a pair of excretory organs, 
one on each side. Each has two parts; the kidney proper, which is the 
lower part and which has glandular walls, and an upper part, a thin- 
walled bladder connected with an excretory pore through which wastes 
are discharged to the outside. 

6. Coordination. —^The nervous system consists of three pairs of 
ganglia and their branches. The head ganglia, or cerebropleural ganglia, 
are situated one on each side of the esophagus and are connected with 
each other by a cerebral commissure. Each of the head ganglia gives off 
branches to the anterior part of the animal and, in addition, two nerve 
cords; one of these extends posteriorly to a visceral ganglion situated 
just under the posterior adductor muscle, and the other extends ventrally 
to the pedal ganglion, which is situated at the junction of the visceral 
mass and muscular part of the foot (Fig, £58). 

7. Special Senses. —^The sense organs are also poorly developed. 
Along the edges of the mantle and the siphons are scattered sensory cells 
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probably sensitive to light and touch. On each visceral ganglion is a patch 
of yellow epithelial cells, the osphradium (Gr. osphradium, strong scent), 
which is thought to be sensitive to certain chemicals in the water. 

8. Reproduction and Life Cycle. —Though a few are hermaphro¬ 
ditic, the sexes are usually separate. The gonads surround the coils of the 



Fig. 254.—The life cycle of the fresh water mussel, Anodonta. (A) Mussel or clam. (B) 
Larvae of mussel, glochidia. (C) **Blackheads'* on fish. (D) Young mussels. (B. Shamos.) 



Fig. 255.—Patella, stages in the development of a mollusic. (A) Trochophore stage. (B) 
Veliger stage, 130 hours old. (After Patten.) 

intestine, which lie in the foot. When the sperm cells from the testes of the 
male are mature, they are shed into the water. The eggs from the ovaries 
are shed into the mantle cavity and do not pass out into the water but 
become attached to the gills. In this position, they are constantly bathed 
with fresh water. The sperm are brought into the mantle cavity of the 
female through the inhalent siphon, reach the eggs attached to ^e gills, 
and fertilization takes place* 
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In some species, the eggs hatch, and the young remain attached in the 
mantle cavity of the female over the winter. 

The young bivalved larva of the mussel is known as a glochidium 
(Gr. glochis^ point of an arrow). Enormous numbers of glochidia develop, 
but the mortality is great because these larvae must find and attach 
themselves to the fins or gills of a fish if they are to survive (Fig. ^54). 
Many sink to the bottom and die. Those that do become attached to the 
fish lead a parasitic life for a time. The tissues of the fish grow over them, 
and they form protuberances known as blackheads. The fish to which they 
are attached move from place to place, and in this way mussels are 
distributed. Eventually, the young mussel breaks away from the tissues 
of the fish and begins a free existence, growing gradually into an adult. 

9. The Veliger Larva. —A parasitic stage is not always present in 
the Pclecypoda. In marine forms, fertilization takes place in the water 
instead of in the mantle cavity. The fertilized egg develops first into a 
trochophore larva and then into a veliger (L. velum^ a veil; gerere, to bear). 
The veliger larva (Fig. 255) corresponds to the glochidium of the fresh¬ 
water form. 


III. Representatives of the Mollusk Groups 

A. Chitons; Amphineura. —Chitons are bilaterally symmetrical 
mollusks. They are sometimes called Rock sucks, because they stick 
tightly to rocks. They are able to do this because the entire lower part 
of the animal is a flat, muscular foot. The body is covered with a shell 
made up of eight overlapping plates (Fig. 256), which are capable of some 
movement. When detached from rocks, they “roll up” into a ball to 
protect themselves. 

B. Snails, Whelks, Conches; Gastropoda. —The gastropod group is a 
very large one, including many diverse forms. 

1. Snails.^ —Snails have spiral shells into which they can withdraw 
completely for protection. Land snails have part of the mantle cavity 
modified as a lung for breathing air. They also have slime glands near 
the anterior end of the body. These glands secrete a slimy substance that 
is deposited on the substratum and provides a smooth surface, over which 
they glide evenly along. This slime also protects the body from rough sur¬ 
faces. Snails move slowly; hence the expression “snail’s pace.” Land 
snails usually have two pairs of tentacles, or horns, at the anterior portion 
of the body. At the end of each long tentacle is an eye. These tentacles 
are quite sensitive to touch; if one is touched, it will be drawn in like a 
glove. The shorter tentacles aye probably organs of smell. 

Snails have a peculiar organ for feeding, the radvla. This is a chitinous 
band bearing numerous minute teeth on its dprsal surface. It serves to 
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tear up food and draw it into the mouth. Edible snails eat only tender 
young vegetation and are reared for the market in some countries, where 
they are esteemed as an article of food. 

In most snails, the spiral shell winds to the right; in others, it winds 
to the left. The manner of coiling is a character that is definitely inherited. 

2. Slugs. —Slugs are relatives of the snails that do not possess an 
external shell, having only a thin plate embedded in the mantle. In order 



Fig. 256.—The Chiton. One of the mollusics with a shell made up of flexible plates. (Courtesy 
of The American Museum of Natural History.) 

to keep from drying out, therefore, they must live in moist situations. 
The garden slug {Limax maximm^ Fig. 257), does considerable damage. 
It burrows in the ground and remains inactive during the cold weather 
unless it finds its way to a greenhouse, where it remains all winter. Like 
the snails, slugs secrete slime. 

3. Whelks, Buccinum, and Periwinkles, Busycon .—^These mem¬ 
bers of the snail tribe live in salt water. Their favorite places are the 



Fis. 257.—The spotted sarden slus, Limax maximus. Mucus keeps the skin of this 
animal moist. The shell is beneath the slisht hitmp just in front of the center of the body. 
(Courtesy of the U.S. Bureau of Entomolosy.) 


crevices between rocks and just below low-tide mark. In Europe, the 
whelks are used for food. 

4. The Oyster Drill, Urosalpinx (Fig. 258).—This looks like any 
ordinary snail, but it is able to rasp a hole in an oyster shell and suck 
out the soft living tissue within. It destroys large numbers of oysters, 

5. The Queen Conch, Strombus gigas .—This animal may be a foot 
long and weigh 5 lb. It is used for food in some regions, but it is especially 
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interesting for its beautiful shell. The shell has an expanded lip and is 
lined with a delicate pink; it is much used for ornamental purposes. 

6. The Ear Shell, Abalone .—^The shell of this animal is one of the 
most beautiful of the snail group, the inner surface being iridescent, 
pearly, and lustrous. The row of holes in the outer shell is for the out- 



Fis. S58.—Two harmful mollutks. (A) Oyster drill, Urosalpinx, drilling a hole through the 
shell of a living oyster. In spite of the small size of **the drill** the oyster cannot protect itself 
against this animal. (Courtesy of The American Museum of Natural History.) (B) Work of the 
ship worm. Teredo navalis. These mollusks do much damage every year to ships' timbers, 
wharf pilings, etc. (Dr. R. W. Hegner.) 


going current of water. The animals are used for food and the shells for 
making ornaments, buckles, buttons, etc. 

7. The LraPEX. —The limpet does not have the spiral shell so often 
found in gastropod animals. The shell is a high-arched disk that covers 
the animal. The limpet digs a shallow hole the size of the shell and clings 



Fig. S59.--Tooth or dophant tusk shofis, Dtnialium. (Dr. R. W. Hogntr.) 

to the substratum so tightly that considerable force is required to dis¬ 
lodge it. 

C. Tooth ShellSi Scaphopoda.—^The bodies of the tooth shells are 
enclosed in a tubular shell open at both ends (Fig. 259). On account of the 
resemblance of these organisms to elephant tusks, they are sometimes 
called tusk shells. Dentalia have digging organs and burrow in the sand. 
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D. Oysters, Scallops, Etc., Pelecjrpoda.—This large group is impor¬ 
tant economically. The features of this class are well shown by the fresh¬ 
water mussel described above. It remains to mention only a few of the 
more important types to be found in the groups, 

1. The Oyster, Ostrea (Fig, 258),—Sihce piles of oyster shells are 
found in the “kitchen middens '* of ancient man, it is to be concluded that 
the oyster was used as food before the dawn of history. Kitchen middens 
are refuse heaps marking the site of primitive human habitations. 

The man had sure a palate cover'd o'er 
With brass or steel, that on tlie rocky shore 
First broke the oozy oyster's pearly coat. 

And risk’d the living morsel down his throat. 

—Gay. 

Many species of oysters have been described; they range in size up to 
3 ft, in diameter. The largest species lives in Japan. All oysters are 
attached to some solid object when they are adults. They are free-swim¬ 
ming for a few days, however, after they hatch from the fertilized egg. 
A single female oyster may lay as many as 60 million eggs in one season, 
but since there are many enemies, only a few oysters finally become 
adult. The young oysters are called spat. Pearls are sometimes found in 
our clams and oysters, but the best pearls occur in the pearl oysters of 
tropical seas (see below). 

2, The Scallop, Pecten ,—Scallops are interesting on account of 
their method of locomotion. They do not plow along the bottom, as the 
clam does, but “clap*’ the two sides of the shell together and “swim.” 
The beaming scallop has a row of deep blue, tiny eyes around the edge of 
its mantle and is very beautiful. The large muscle that closes the scallop’s 
shell is used for food. All the rest of the body is thrown away. It is just 
the opposite with the oyster; the muscle is thrown away, and the rest 
of the body is eaten. 

3. The Shipworm, Teredo navalis ,—The shipworms have been 
called animated augers^ because with their rasping organ they are able to 
bore their way into wood. Figure 258B shows an example of this work. 
The wood is not used for food but only as a place to “dig in” for protec¬ 
tion. These worms do much damage to ships and cause the loss of millions 
of dollars annually. 

E. Squids, Devilfish, Nautili; Cephalopoda.—These are the most 
highly organized of the mollusks. They are all marine. Representative 
cephalopods are the devilfish, squids, cuttlefish, etc. 

1. The Squid, Loligo (Fig. 260).—Squids are sometimes called sea 
arroT^ on account of the way they dart around in the water. They are 
among the most highly developed of the invertebrates. Eight of their 
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10 arms are provided with two rows of sucking disks and the other 2, with 
four rows. The animals are capable of changing color so that they har-r 
monize somewhat with the background. A thin, horny plate, “the pen’* 
(Fig. 260JB), lies buried under the mantle, constituting the shell of the 
squid. Within the body is a sac filled with a fluid resembling ink. When 
the squid is attacked, it discharges the contents of the sac into the water, 
making it cloudy, and behind this “smoke screen” makes its escape. 
Squids are used for food by man in many countries. The animals of the 
sea, especially whales, eat them in great quantities. The largest inverte¬ 
brate is the giant squid, which may attain a length of 50 ft. 

2. The Cuttlefish, Sepia .—A close relative of the Squid is the 
Cuttlefish which has a shell of calcareous plate embedded in its fleshy 




Fig. 260.—(A) The squid or **se« arrow/* Lolifo pealii. (Courtesy of The American Museum 
of Natural History.) (B) **Pen*' of a squid. (B. Shamos.) 


mantle. This is the cuttlebone given to caged birds as a source of lime 
salts. The contents of its ink sac, a rich brown pigment called sepia, is 
used by artists. 

3. The Devilfish, Octopus (Fig. 261).—^Devilfish, or Octopi, live in 
warm waters, concealing themselves in dark caves and crevices in coral 
reefs. There are eight sucker-bearing arms, which attack passing prey, 
crabs, and other animals. The shells of these food animals are broken 
open by the horny jaws and the radula of the devilfish. Digestive juices 
are poured into the wounds. After the tissues are digested, they are then 
sucked up. The devilfish has a head and well-developed eyes. 

Many of the tales of the ferocity of the octopus are probably very 
much exaggerated. Most of them are too small to do harm to an animal 
the size of man, but a giant form that lives in the Pacific Ocean reaches a 
diameter of 28 ft/and is really dangerous. The octopus is esteemed as 
food in some coimtries. 
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4. Thb Chaubebed ob Peablt Natttilus (Fig. 262). —^This animal 
gets its name from the character of its beautiful shell, which is divided 
into compartments. The animal occupies the last chamber that it has 



Fij. 861.—Devilfish, Octopus. Like (h« squid, the devilfish hes long erms with suckera. 

(Dr. R. W. Hegner.) 



Fi 9 . 86S.—Naiiliittt pompiliiit, lha paorly or cfiambtrad naiHilui has a tfitli coiltd In a 
flal spiral and many chamben formad by curvtd sapla. it is found in tha Pacific and Indian 
Ocaans and is adiWa. (Courtasy of Tba Amarican Musaum of Natural History.) 


builty protruding its arms to catch its prey—crabs and other animals. 
When it outgrows its quarters, it builds a new and larger compartment 
and lines it with mother-of*pearl. CHiver Wendell &olmes has immor* 
taliaed this animal in a beautiful poem: 
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Year after year beheld the silent toil 
That spread his lustrous coil! 

Still, as the spiral grew. 

He left the past year’s dwelling for the new. 

Stole with soft step its shining archway through. 

Built up its idle door. 

Stretched in his last found home, and knew the 
Old no more. 

IV. The Importance of Mollusics 

A few of the mollusks are injurious; the slugs injure the vegetation in 
gardens and greenhouses, and the ship worms do great damage to ships, 
wharf piles, etc. In addition, a certain fresh-water snail is the inter- 



Fif. 263.—Somt produeti from mollufkt. (A) Buttont, cut from musiei shells by machinery. 
(6) Cameos are cut from some varieties of mollusk shells. (Dr. E. H. Runyon.) 


mediate host for the destructive liver fluke, Fasciola hepaiica. The majority 
of the mollusks, however, are beneficial to man. Many of them are 
scavengers and help keep the water in which they live pure. 

Probably the most important form from the standpoint of use for 
food is the oyster. In addition to the natural sources, oyster beds are 
planted in the Chesapeake Bay and other salt waters. The oyster indus¬ 
try is an important one, about SO million bu. being gathered and sold 
for food yearly in the United States. Other mdlusks much esteemed as 
food are the mussels, scallops, little-neck and other clams. In some parts 
of the world, snails are in demand as food, being grown for the market. 
Also, abalones and squids are used for food on our western coasts and in 
other countries. 

Pearl buttons are made from many types of mollusk shells (Fig. 26$A), 
about 60,000,000 tons of the shells being used in the United States 
each year. 

Pearls occur in the common oyster, and also in clams, but the best 
pearls are found in the pearl oysters of northwestern Australia, Japan, 
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India, and Ceylon. Pearls are formed as a result of injury. A small 
irritating particle such as a grain of sand or a larval stage of a parasite 
gets next to the mantle, and a pearly substance is secreted by the mantle 
around the particle. Many layers of the substance arc laid down by the 
mantle, and in time a pearl results. When pearls are discolored, an 
expert can peel off the dull scratched layer. 

Pearls may be of many shapes, the most valuable being round. They 
may also be of many colors, white, pink, blue, yellow, black, etc. The 
Japanese have learned to cultivate pearls by introducing appropriate 
particles between the shells of pearl oysters. 

Certain types of cameos are carved on the shells of some mollusks 

(Fig. 2635). 

V. Biological Principles and Problems Illustrated by the Mollusca 

A. The Trochophore Larva. —^The molluscan larva resembles the 
annelid larva, being of the trochophore type. This suggests relationship 
between the two groups. 

B. Parasitism. —The glochidia lead a parasitic life for a time. 

C. Right and Left Spiraling. —This feature is definitely inherited 
and is evident very early in the development of the young larva. 

Queftions 

1. The mollusks form a large group of diverse forms; what characteristics do all of them 
possess? 

2. Describe the shell of a clam. How is it kept closed? How is it formed? 

8. Describe the contents of the mantle cavity. 

4. Are there any peculiarities with regard to the relationship of the digestive system of the 
clam and the heart ? 

8. How are the inhalent and exhalcnt canals used? 

6. Compare the life history of a fresh-w'ater mussel and that of a salt-water clam. 

7. What type of larva is characteristic of some mollusks ? What other groups have this 
type of larva? 

8. -Describe the gills of a clam. 

9. ,What type of excretory organs has the clam? 

10. Is the nervous system of the clam as highly organized as that of the earthworm? 
Explain. 

11. Discuss the sense organs of the clam. 

12. What mollusks are very important as food? 

18. How are pearls formed? Where do we get pearl buttons? 

14. How is it possible for the Teredo to damage wood? 

15. Where is the skeleton of a slug found? 

16. What external features of the chambered nautilus resemble those of the devilfish? 

17. Define: crystalline style, radula, veliger, glochidium. 

SuggesUd Raftrtneci 

BncHSBATTM, R.i ** Animals without Backbones,” Chap. 18, University of Chicago Press, 
1938. 

Hbonbb, R. W.: ^Invertebrate Zoology,” Chap. IX, The Macmillan Company, 1988. 



CHAPTER XXV 

THE ARTHROPODA 


Framed in the prodigality of Nature . . . 

^—Shakespeare. 

I. The Arthropods in General 

The largest known group of animals are the arthropods. In this group 
are found widely different forms, such as crayfish, lobsters, crabs, water 
fieas, barnacles, millipedes, centipedes, insects, scorpions, king crabs, 
and spiders. In spite of the great variety of forms, these animals have 
many features in common. They are bilaterally symmetrical, segmented 
animals with jointed appendages, which are usually paired. There is a 
definite relation of body segments to appendages, as will be shown later. 
In addition, all the members of this group have a chitinoits (Gr. chiton, 
covering) covering or exoskeleton, which is thin and flexible where joints 
occur and is usually folded to allow movement. If the animal is to grow, 
this exoskeleton must be shed periodically by a process of moulting or 
ecdysis (Gr. ek, out; dyein, to come). In typical arthropods the body is 
divided into three regions, the head, the thorax, and the abdomen. The 
nervous system is of the annelid type, and the circulatory system is of 
the open type, there being sinuses or spaces filled with blood in some 
parts of the body instead of a continuous circuit of blood vessels, as 
found in the earthworm (closed type). The coelom is reduced, being 
represented only by the cavities in the gonads, and the body cavity is a 
haemocoele (Gr, haima, blood; koUos, hollow) filled with blood. There are 
about 695,050 arthropods. 


il. Classification 

With the omission of sections and divisions, the following classes are 
found in the Arthropoda (Gr. arthron, joint; pous, foot): 

Class 1. Crustacea (L. crusta, a hard shell). Mostly aquatic; a few parasitic; lobsters, 
crabs, crayfish (Fig. 264), (For subclasses, see p. 386.) 

Class II. Onychophoba (Gr, onychos, daw; j^horos, bearing). One genmiPeripai^ (Fig. 274), 
Class III.^ Chilopopa (Gr. cheilos, lip; pov^, foot). Flattened body; segments except head 
and tail bear one pair of legs; centipedes (Fig. 275^). 

Class IV.* Diplopoda (Gr. diploos, two; pous, foot). Segments except head and tail bear 
two pairs of legs; millipedes (Fig. 97SB). 

* Centipedes and miilipedes are often classed together in class Myriapoda (Gr. myrios, ten 
thousand; pous, foot). 
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Class V. Insecta (L. insectum, insect) or Hexapoda (Gr. hex six; pow, foot). The irueeU 
(Figs. 289-291). For orders of insects, see pages 412 to 419. • 

Class VI. Abachnoidea (Gr. arachne, spider). Spiders, (Figs. 295, 296) scorpions (Figs. C04), 
horseshoe crabs, (Fig. 292) ticks, (Fig. 297) harvestmen (Fig. 295). For subclasses and 
orders, see p. 421. 

Class VII. Trilobita (Gr. tri, three; lobos, lobes). Extinct Arthropods that were plentiful 
during the Cambrian era (Fig. 293). 

ill. The Crayfish 

Either the lobster or the craj^sh is an excellent type of crustacean 
to study in the laboratory. The lobster is large, and its parts are easy to 
see, but it is somewhat expensive. For this reason, and because it is easy 
to get, the crayfish or crawfish is more commonly used. Other names for 
the crayfish are crawdad and fresh-water lobster. 



walkino legs 

FiS- S64.—‘Fomalc crayfish, Cambarui virilis, showing axtcmal features. (L. Runyon.) 

A. Habitat.—The genus Cambarits is widely distributed in fresh-water 
ponds and streams. A larger type, Astacus, is found on the Pacific coast 
and in Europe. Crayfish often build air tunnels down to their horizontal 
burrows. They may often be found at the mouths of their burrows, with 
“feelers” or antennae waving on the outside. 

B. External Features.—^The external features of the crayfish fall 
naturally into (1) body features and (2) appendages (Pig. 264). 

1. Body FBATUHE8.-^The body of the crayfish is divided into three 
divisions; the head^ thorax, and abdomen. Two of these are fused together 
into the oephalothorax (Gr. kephale, head; thorax, chest). This includes the 
first IS segments of the body. The line where the two have fused is 
visible and is known as the cervical groove. The part of the exoskeletpn 
which covers the head-thorax is the carapace. This projects into a sharp 
point in front, the rostrum (L. rostrum, a beak); the lateral portions 
cover the gills and are free at the edges. The areas over the gills are the 
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branchial areas or branchiostegitee (Gr. branchia, gills; stegeiriy to cover). 
The entire body is segmented, but the 13 segments are not visible on the 
dorsal part of the head thorax. 

There are 6 ring-like segments in the abdomen, making a total of 
19 in the body. Each segment consists of an arched or convex tergurriy 
a thin, overhanging plate, the pleuron^ and a flattened, ventral sternuw. 
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Fi 3 . 265.—-The eppendtses of the crayfkih. (F. Baker.) 


Between the segments of the abdomen are membranes that allow mov^ 
ment between them. 

£. The Appendages. —^The crayfish has 19 pairs of appendages, 
1 pair for each segment. These are quite different in structure in different 
regions of the body, yet they are all developed from one plan, the biramotis 
(L. bis, twice; ramuSf branch) type. In early development, the appendages 
are similar, but some become modified for special usage. 
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The fundamental parts of an appendage are (1) the proiopodite^ 
composed of a coxopodite, which attaches the appendage to the body, and 
a hasipodite; a branch of the protopodite, the epipodite, often extending 
into the gill chamber, may be present (page 884); (i) an exopoditCy the 
lateral branch; and (3) and endopodite or median branch (Fig. 265). Some 
of these parts are absent in various appendages, as the following table will 
show. The most highly modified appendages are on the anterior part of 
the body, and the simplest are on the abdomen. 

a. The Appendages of the Head .—^The antennules and the antenna 
are sensory organs; they wave continually back and forth in the water. 
Around the mouth, the appendages luive become modified as feed¬ 
ing organs. These include one pair of mandibles and two pairs of 
maxillae, 

b. Appendages of the Thorax. —^The thoracic appendages are three 
pairs of maxillipeds (Gr. maxilla, jaw; L. pes^ foot) and five pairs of 
walking legs. The legs with large claws, or chelipeds (Gr. chele, claw; 
L. pesy foot), are used in offense and defence and for capturing food. The 
walking legs are uniramous (L. unu^, one; ramus, branch) because of the 
reduction of the exopodite. In the female, the opening for the oviducts 
is at the base of the third pair of walking legs, and in the male the open¬ 
ing for the sperm ducts is at the base of the fifth pair of walking legs.- 

c. Appendages of the Abdomen. —Each of the segments of the abdomen 
bears a pair of appendages called swimmerets or pleopods. In the male, 
the first two pairs are modified as copulatory organs by which the sperm 
are transferred to the seminal receptacle of the female. The opening for 
this vesicle in the female is between the fifth pair of walking legs. The tail 
consists of paddle-like uropods (Gr. oura, tail) and the telson, which 
serves as a powerful tail fin by means of which animals can swim back¬ 
ward in the water. The anus is on the ventral surface of the telson. 

For easy reference, a summary of the appendages, (Fig. 265), and 
their location and uses are tabulated on pages 377-379. 

C. The Internal Anatomy and Physiology. 1. Digestion.— ^The 
digestive system differs in some respects from that of the earthworm. 
The mouth opens into a short esophagus, which leads to the stomach. The 
stomach is divided into two divisions, an anterior cardiax division and a 
posterior pyloric (Gr. pyloruSy a gate) division by a gastric mill (Fig. 266). 
This mill contains three ossicles or “teeth*” whose function it is to 
complete the tearing up or grinding up of food that is begun by the 
appendages of the mouth. Between the two divisions of the stomach 
are a number of bristles that form a strainer. On either side of the upper 
intestine, or midgut, a duct enters from a pair of digestive glands 
(hepato-pancreas) or “liver.” These digestive glands secrete digestive 
enzymes. Sometimes two small bodies, the gastroliths, are found above the 
stomach. These probably serve as storage for lime. The intestine is a small 
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tube extending backward from the stomach, near the body wall, to the 
anus, which opens on the ventral surface of the telson. Except the short 
mid-gut, the alimentary canal is lined with chitin which is shed with eacli 
molt. 

The crayfish feeds at night and eats all kinds of small living animals, 
as well as dead organic material. Sometimes they turn cannibal and eat 
each other. The mouth appendages, the maxillae and the maxillipeds, hold 
the food while it is being crushed by the mandibles. It then enters the 
cardiac portion of the stomach, is ground by the “gastric mill,” and 
strained into the pyloric portion of the stomach. From here it passes into 
the midgut, and some of the finer particles may enter the digestive glands. 
Digestion and absorption may take place in the midgut or the digestive 
glands. 

The digested food is distributed by the circulatory system, and the 
undigested residue leaves the intestine by way of the anus as feces. 
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supplying the cardiac portion of the stomach, the esophagus, and head ; 
paired antennary arteries^ which send branches to the cardiac part 
of the stomach, excretory organs, muscles, and other tissues in the 
head; and the paired hepatic arteries^ which lead to the salivary glands. 
From the posterior tip of the heart arises a large dorsal artery that 
supplies the intestines and the muscles of the body wall. The sternal 
artery arises from the dorsal artery after it leaves the heart; it passes 
ventrally through the nerve cord and divides into two arteries, the 
ventral abdominal artery, which runs beneath the nerve chain and 
sends branches to the ventral abdominal region and abdominal append¬ 
ages, and the anterior ventral thoracic artery, which runs forward beneath 
the nerve chain and sends branches to the ventral thoracic region and to 
appendages 3 to 13. The relationship of these arteries is shown in Fig. 
267. The main sinuses are the pericardial sinus, which surrounds the 
heart and from which the blood passes into the heart; the sternal sinus, 



Fis. 267.—Diasram of the circulatory system of the crayfish. (Adapted from Gesenbaur by 

L. Runyon.) 


located beneath the thorax, from which several branches lead to the gills; 
and the perivisceral sinus, which surrounds the alimentary canal in the 
cephalothorax. On account of the sinuses, the circulatory system of the 
crayfish is spoken of as an ‘‘open type,” 

6. Path of the Blood, —^The rhythmical contractions of the heart 
force the blood through the arteries to all parts of the body. Valves 
are present in each artery where it leaves the heart, and these prevent the 
blood from flowing back. Through the smaller divisions of the arteries, 
the capillaries, the blood reaches the sinuses. These all communicate 
with the sternal (ventral) sinus. From the sternal sinus, the blood passes 
into paired lateral sinuses by way of five pairs of small canals, and from 
the lateral sinuses it goes into the sinuses of the gills, the afferent branchial 
vessels, thence to the efferent branchial vessels at the top of the gill 
filaments. These communicate with six pairs of branchiocardiac canals, 
which lead dorsally to the pericardial sinus surrounding the heart. In 
its passage through the gills, the blood has lost its COa and has gained 
oxygen, so that the blood from the pericardial sinus, which is now drawn 
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through the slit4ike openings, the ostia (page 380), of the heart is oxy¬ 
genated. From the heart, it goes through the arteries to every part of 
the body. 

c. Functions of the Circulatory System, —The primary functions of 
the circulatory system are the transportation of absorbed food, oxygen, 
and other materials to the tissues; transfer of carbon dioxide from the 
tissues to the gills; and wastes from the tissues to the excretory organs, 

3. Respiration. —Under the branchial areas referred to above are 
the paired feathery gills in the branchial chamber or gill cavities. There 
are three types of gills: (1) those attached to the sides of the thorax, 
the pleurobranchiae;^ (2) those arising from the epipodites of the thoracic* 
appendages, the podobranchiae; and (3) those that arise from the coxo- 
podites of the thoracic appendages, the arthrohranchiae. Several of the 
segments have lost the pleurobranchiae. 



Fis. 268.-''--Gill$ of the crayfish. Part of the carapace, or silf cover, has been removed. 

(B. F. Edwards.) 

Movement of the water over the gills is brought about by action of 
the scaphognathite or bailer of the second maxilla (Fig. 268). It moves 
back and forth in such a manner that the water is drawn in under the 
free edges of the branchiostegite, passed over the gills, and then passed 
out the anterior opening or aperture of the gill chamber. As the water 
passes over the gills, the carbonic acid in solution in the blood is given 
up, and oxygen dissolved in the water is absorbed. 

4. Excretion. —Interior to the esophagus in the ventral part of the 
head is a pair of green glands somewhat like nephridia. Each of these 
has a glandular portion which is green and a dilated, thin-walled portion, 
the bladder (Fig. 266). From each of these glands a duct leads to a pore 
in the coxopodite of the antennae. The glands are richly supplied with 
blood and absorb the nitrogenous wastes and excess water from that 
medium. Wastes are delivered to the outside through the excretory 
pores. 

5. Coordination. —^The nervous system of the crayfish resembles 
that of the earthworm but is more complex (Fig. 266). The two longi«- 
tudihal cords are so intimately fused that it is .diflScult to see the two 

1 Not present in Cambarus. 
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strands. The **brain,’^ or supraesophageal ganglion^ is located in the 
anterior part of the head. It is made up by the fusion of ganglia in 
the first three segments and is joined to the subesophageal ganglion of the 
ventral nerve cord by two circumesophageal connectives or commissures, 
one passing on each side of the esophagus. The subesophageal ganglion 
is made up of fused ganglia from segments 3 to 7. From this are given 
off nerves to the eyes, antennae, and antennrdes. Each segment posterior 
to segment 7 contains a ganglionic mass that sends nerves to the sur¬ 
rounding tissues. 

6. Special Senses. —^The crayfish is said to have a limited power of 
learning. 



Fis. 269.—<a) Eye of crayRth in longitudinal section, (b) Diagram of a part of a 
compound eye showing how ray$ of light are absorbed by the pigment surrounding the 
ommatidia and only those that past through the center such as (a-a), (b-b), etc., reach the nerve 
fibers, (a) after Borradaile and Potts; (b) after Lubbock. (From Hegner, College Zoology, 
The Macmillan Company.) 

a. Vision, —^The eyes are on movable stalks, one on each side of the 
head. They are of the compound type, each eye being composed of a 
large number (about 2,500) of individual units called ommatidia (Gr. 
omma^ eye). The convex surface of the eye is covered by a transparent 
cuticle, the cornea, and this is made up of four-sided facets, one facet 
for each of the visual rods or ommatidia. The ommatidia are side by 
side but are separated from each other by pigment cells. Their complex 
structure is shown in Fig. 269. 

The eye of the crayfish is supposed to have the mosaic"* type of 
vision. By this is meant that each ommatidium that is stimulated registers 
an image of that part of the object which is in focus. The sum of the 
images is transmitted to the brain as a single image. This method of 
image formation is especially efficient in recording motion, which is 
important to the crayfish in avoiding danger. 

b. Equilibrium, —^In the basal segment of each antennule (coxoi>odite) 
is a chitinous-lined sac, the siaiooyst. On the floor of this are the sensory 
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cushion and three sets of hairs (about £00), each connected with a nerve 
fiber. The crayfish places a number of large grains of sand (the statoliths) 
among these hairs. Any change of position of the crayfish causes move¬ 
ment of the statoliths, which stimulate the hairs and so help the animal 
orient itself while swimming. It was thought at one time that these 
statocysts were organs of hearing, but their primary function is that 
of equilibrium. The statocysts are shed with the exoskeleton at the 
time of moulting, and new ones develop with the new exoskeleton. If 
there are no sand grains or other hard objects in the water in which 
the crayfish is living at the time of moultiI^fe, the sense of equilibrium 
is impaired. Kreidl placed shrimps that had just moulted, and were 
therefore without statocysts, in water containing iron filings. The 
animals placed some of these in the statocyst chamber in place of the 
usual sand grains. By bringing an electromagnet near the shrimps, 
the position of the iron filing statoliths could be changed, and the shrimps 
attempted to respond to these stimulations. The animals finally took 
up a position corresponding to the resultant pulls of two forces, those 
of the magnet and of gravity. 

c. Touchy Smelly Taste .—^The body of the crayfish is sensitive to 
touch by reason of simple nerve ends. Many of these are connected with 
tactile hairs. Touch organs are especially numerous about the mouth, 
on the large claws, and on the edges of the tail fan. The antennae and 
antennules are also sensitive to touch. A sense of taste may be located 
in the palps of the mandibles. It is also thought that the senses of taste 
and smell are in the antennae and antennules. 

7. Motion and Locomotion. —^The muscles of the crayfish are 
internal and are attached to the inside of the skeleton, which is just the 
opposite condition from that in man. In man the skeleton is internal, 
and the muscles are attached to the outside. The most powerful muscles 
in the crayfish are located in the abdomen (Fig. £66). They are used to 
bend that part of the animal forward, thus producing a backward motion 
in swimming. Crayfish can move in any direction, forward, backward, or 
sideways. In the basal segments of the chelipeds are strong muscles for 
opening and closing the pincers. Mandibular muscles move the jaws, and 
all appendages have muscles for their operation. There are internal 
muscles in the heart and in the stomach and mtestine, that enable these 
organs to carry on vital activities. In variety and range and movement, 
the crayfish shows a great advance over the earthworm. 

8. Reproduction. —Crayfish are either male or female. In the male, 
the reproductive organ is a pair or UsteSy and from them tubes, and the 
sperm ducts, or vasa deferentiay lead to the base (coxopodite) of the fifth 
pair of walking legs. Figure £705 shows that these ducts are much 
coiled. 
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The female reproductive organs, the ovaries (Fig. 270^4), are also 
located under the heart. The ducts from the ovaries, the oviducts^ lead 
to the base (coxopodite) of the third walking leg. The opening for the 
seminal receptacle is between the fifth pair of walking legs on the ventral 
surface of the body. To this receptacle the sperm are transferred by the 
male in the fall, and here they remain until the eggs are laid in the spring. 
When the eggs are laid, they emerge from the opening in the base of the 
third walking leg and pass down over the opening of the seminal recep¬ 
tacle. The sperm come out of the seminal receptacle and fertilize the eggs. 
The eggs are covered with a sticky substance by which, when they 
reach thfc swimmerets, they become attached to them. From 300 to 600 
eggs may be laid by a single female at one time. The eggs remain attached 
to the mother until they are hatched. The young crayfish do not drop off 



Fis. S70.-—^A) The reproductive system of the female crayfish. (B) The reproductive sys¬ 
tem of the male crayfish. (B. Shamos.) 

immediately but remain attached to the swimmerets by a slender thread 
until they have moulted twice. They then drop off and begin an inde¬ 
pendent existence. 

Typically, the Crustacea pass through one or more larval stages. 
Some of these stages may occur in the egg, as is the case with the crayfish. 
One of the important stages is the nauplius stage (see below). Nauplii 
have three segments and three pairs of appendages. This larval stage is 
usually spoken of as the typical Crustacean larva. 

D. Regeneration.—^The crayfish can replace an antenna or an eye 
or any of its appendages just as an earthworm can replace or regenerate 
parts of its body. But regeneration in the crayfish may be rather peculiar. 
Sometimes a lost eye will be replaced by an antenna. 

Axttotomy. —If the leg of a crayfish is injured, the animal will per¬ 
form a bit of surgery on itself by breaking off the whole leg close to the 
body. Since the point of attachment of the appendages is quite narrow, 
the blood will coagulate easily over the .narrow wound when the leg is 
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broken oflP at that particular point. The self-surgery is called autotomy 
(page 356). The breaking is considered a reflex. 

E. Enemies of Crayfish.—Crayfish must protect themselves from 
many enemies. Toads, frogs, salamanders, water snakes, and turtles 
esteem them as food. In some countries they are considered delicacies 
by man. 

F. Importance of Crayfish.—It is probable that with the decline of 
the lobster and shrimp supply, crayfish will become important as an 
article of food in America. 

Sometimes crayfish are pests. They are known to weaken earthen 
dams and levees along the Mississippi River by burrowing into them. 
These burrows start leaks that rapidly enlarge. In some sections, particu¬ 
larly in the lowland fields, crayfish destroy young crops of buckwheat, 
com, and beans. 

IV. Other Crustacea 


The large group of Crustaceans is subdivided into five subclasses, 
and each of these contains a number of orders. Only a few of the most 



CYCLOPS 
Fig. 271.—Water 


interesting forms in each of the subclasses will be 
mentioned. 

A. Branchiopoda (L. bra?Lchia, gills; j>ous, foot). 
The fairy shrimp, Euhranchipus vernalis, is found in 
fresh-water ponds and streams, as is also the water 
flea, Daphnia pulex. Daphnia is very often seen in 
protozoan cultures. It is important as food for fresh¬ 
water fish. 

B. Ostracoda (Gr. ostrakodes, having a shell). 
Cypris is a good representative of this group; it 
develops a shell and looks like a small mollusk, 

C. Copepoda (Gr. hope, oar; pous, foot).—^The 
copepods are quite common in small fresh-water ponds 
and streams (Fig. £71). They may be free-swimming 
or parasitic. Cyclops is also called the water flea. It 


flea, Cyclops, a mem- is easily recognized by its median eye and two egg 
ber of the class Crus- sacs. In some tropical countries, Cyclops is an interme- 
*^^**** ^^***" parasitic guinea worm (page 3££). 

Fish lice or carp lice are copepods of the genus Argulus. 

D. Cirripedia (L. cirrus^ curl; yes, foot).—^There are two types of 
common barnacles, the goose barnacle, Lepas fasdcularisy attached by a 
stalk, and the acorn bamade, Balanus balanoides. Superficially, the 
barnacles look like mollusks. Their nauplius larvae are free-swimming, 
but they become attached and grow shells that they can dose at low 
tide and open again at high tide, when they are able to secure their food. 
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Barnacles often exist in great numbers (Fig. 272), They may so cover 
the bottoms of ships that the ships must be put into drydock and cleaned. 

Sacculina carcini, a relative of the barnacles, is a good example of a 
form that has become degenerate through a parasitic mode of living. 
It bears little resemblance to the crustaceans as an adult, but its larval 
stages indicate where it belongs. It is parasitic on crabs, sending into the 
body of its host root-like structures, through which it absorbs food. 
A bag-like portion is fastened to the undersurface of the abdomen of a 
crab (Fig. 273). 



Fig. 272.-*-(A) Acom or rock barnacles, Balanus balanoides. (B) Goose barnacles, Lepas 

fascicularis. The barnacles belons to the clau Crustacea, subclass Cirrepedia. (Dr. E. H. Runyon.) 

« 

E. Malacostraca (Gr. malakos, soft; ostrakon^ hard shell).—^The 
important order Decapoda includes the lobsters, crayfish, shrimps, and 
crabs. It is a very important group economically, as the above-mentioned 
species are used for food. Indeed, lobsters faced extinction at the hands 
of fishermen imtil laws were passed for their protection. In addition to 
being used in the fresh state, great quantities of lobsters, shrimps, and 
crabs are canned. 

The lobster, Homariis americana^ is very similar to the crayfish, 
but crabs are quite different in shape. The cephalothorax is broader and 
the abdomen is not well developed, being folded under the thorax 
(Fig. 44). A soft-shelled crab is one that has just shed its hard skin and has 
not yet developed the new exoskeleton. The edible blue crab, CaUinectes^ 
is widely distributed. Other interesting crabs are the rock crab, Cancer 
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irratus; the hermit crab, Pagurus^ which borrows a gastropod shell for a 
home (on account of its mode of life, the abdomen has become degener¬ 
ate) ; and the fiddler crab, Uca. These crabs are found in abundance along 
the seashore and are peculiar in that one foreleg, usually the right, has a 
v'ery large pincer and one small pincer, suggesting a fiddle and a bow. 




Fig. 873.—^Sacculini carcini, a parasite of the crab. (A and B) Larval or nauplius itages. 
(C) Crab^ Careinus maenas with a mature Sacculina in situ, showing ramifying roots which 
extract nourishment from the crab. (After Delage. From Lull, Organic Evolution, The Mac¬ 
millan Company.) 


Shrimps and prawns, found in salt water, resemble crayfish. But the 
abdomen is bent sharply downward and the front legs lack the large 
pincers. The edible shrimp, Crago^ and prawn, Laemonetes^ are much 
sought after as food. 

F. The Isopoda (Gr, isos, alike or equal; potis, foot) live in both fresh 
and salt water as well as on land in damp places. The land forms are 
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known as sow bugs and pill bugs, sometimes as wood lice. They are flattened 
dorsoventrally. 

G. Amphipoda (Gr. amphij on both sides; pous, foot) are known as 
beach fleas. They are mostly marine, though some live in fresh water. 
They jump about on beaches; hence the name. They are flattened laterally 
instead of dorsoventrally like the isopods. Gammarus locusta is a good 
example. 


V. Peripatus 

Peripatus (class Onycophora) is a tropical form, worm-like and 
primitive (Fig. 274). It is found under stones, bark of trees, and in other 
moist, dark places. It feeds upon insects and spiders, capturing them by 



FiS. 274.—-Peripatus. (From a preserved specimen by F. A. Baker.) 


means of slime, which it can eject forcefully from a pair of glands that 
open upon the oral papillae. This ejection of slime may also be a weapon 
of defense. About 15 genera and 73 species are known. 

This form is important because it has both annelid and arthropod 
characteristics as well as some features peculiar to itself. Among the 
annelid characters are the segmentally paired nephridia, the outer cover¬ 
ing or thin cuticle, and the muscle layers; the arthropod characteristics 
are type of circulation, i.e., the open type, haemocoele instead of a 
coelom, cilia in the reproductive organs, and a respiratory system that is a 
system of air tubes. It is unlike either the annelids or arthropods in that 
it shows no external segmentation, though there is a pair of legs for each 
internal segment of the body. The legs end in claws; hence classification. 

Many species of Peripatus are viviparous, and one female may bring 
forth as many as 30 living young in a season. 

VI. Centipedes and Millipedes 

Centipedes and millipedes are often classed together as Myriapoda. 
They have long bodies with many pairs of similar legs and breathe by 
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means of air tubes or tracheae that open to the outside by pores or 
spiracles in the body wall, sometimes arranged in pairs. 

A. Centipedes (L. centum^ hundred; pedes, feet), class Chilopoda 
(page 873), have dorsoventrally flattened bodies consisting of a series of 
segments, each of which except the first and the last two bears one pair 
of seven jointed legs (Fig. 275A). A pair of poison claws is located on the 
first body segment. The poison ejected through the openings on the ends 



Fi$. 275.—(A) House centipede, Scutisera forceps. (B) Millipede (Julus). (Courtesy of 
the Bureau of Entomology and Plant Quarantine.) 

of the claws will kill small animals but will not harm human beings. 
Centipedes have one pair of long antennae and two pairs of maxillae. 

The largest centipedes live in the tropics, where they may grow to 
be 1 ft. long. House centipedes are only about 1 in. long, have very long 
legs, the last two of which are about 2 in. long. The number of legs a 
centipede has inspired the following humorous lines: 

A centipede was happy, quite, 

Until a toad in fun 
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Said “Pray which leg moves after which?” 

Which raised her doubts to such a pitch 
She fell exhausted in the ditch. 

Not knowing how to run! 

Centipedes are quite harmless. They hide in daytime under stones, 
logs, and in other damp places, emerging at night to seek food, insects, 
spiders, etc. 

B. Millipedes.—^The millipedes (L. milUy thousand; pedes^ feet), 
class Diplopoda (page 373), have subcylindrical bodies that are seg¬ 
mented, almost every segment bearing two pairs of legs. This has prob¬ 
ably come about through the fusion of segments. The head has one pair 
of maxillae (Fig. 2757i). 

Millipedes live in dark, moist places and feed on decaying vegetable 
matter, though they may eat living roots and so become pests. They are 
slow-moving and when disturbed are likely to roll their hard bodies into 
a coil. 


VII. The Biogenetic Law 

Von Baer, working with embryos, first discovered that no matter 
how' the adult vertebrates might differ from each other, their embryos 
went through somewhat similar stages in development. It was sug¬ 
gested that these stages indicated the character of their ancestors. 
Later it was observed that this was also true of the invertebrates. This 
embryonic repetition w’^as called by Haeckel the biogenetic law. It is often 
simply expressed: Ontogenyy or the development of the individual 
recapitulates the phylogeny, or the development of the race.” The theory 
has been discounted by many biologists because generalizations have been 
carried too far. One reason for mentioning this theory here is that the 
favorite illustration of the law is the life history of the shrimp, Penaeus 
(Fig. 276). The egg of this shrimp hatches as a nauplius larva which 
has three pairs of appendages and a single median eye. The nauplius 
stage may represent an ancestral type now extinct. This molts and the 
next stage is called the protozoean stage, the animal now having six 
pairs of appendages. The zoeal stage follows the next molt, and the 
animal resembles Cyclops, Further molts take place and the Mysis 
stage is reached, the animal resembling the adult Mysis, It has a 
distinct cephalothorax and 13 segments. Following the next molt, the 
juvenile shrimp ap{>ears with 19 segments. 

A knowledge of developmental stages is often useful in determining 
to which group animals belong. Barnacles, for example, do not look 
much like arthropods in the adult state (Fig. 272), nor does Saccvlina 
(Fig. 273), 
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Questions 

1. Why do you consider the arthropod group well named? How would you account for 
such widely different animals as crabs and beetles being included in the same phylum? 

2. How do arthropods grow? What other groups of animals have endoskeletons? How do 
they differ from those of the arthropods? 

3. Name examples from each of the six classes of arthropods. How do they differ from each 
other? 

4. Do the appendages of the crayfish have a basic plan? Explain. 

6. Give an account of digestion in the crayfish. Include in this account a description of the 
type of digestive organs and the digestive process. 

6. Describe respiration in the crayfish. How does it differ from that of the earthworm ? 

7. Compare the excretory system of the earthworm and that of the crayfish. 

8 . Would you say that the nervous system of the crayfish is more specialized or more 
primitive than that of the earthworm? Give reasons for your answer, 

9. What are the peculiarities of crayfish blood? Is the circulatory system “open** or 
“closed**? Explain. 

10. Describe the eye of the crayfish. What type of vision does the crayfish probably have? 
What other sense organs does the crayfish have? 

11. What external differences are there in the male and female crayfish? 

12. How are the eggs fertilized ? What advantage is there in having the eggs fastened to 
the swimmerets? Why do the young remain attached to the mother for a time? 

13. What is a soft-shelled crab? 

14. How do we know' that barnacles are Crustacea? 

16. Name one instance in which it w ould be impossible to classify the animal if the em¬ 
bryonic stages were not knowm. 

16. Why is Peripatuft an interesting form? 

17. What is the biogenetic lavr? Upon what is it based? 

18. Name the most important crustaceans used for food. 

19. What is the nauplius larva? What extinct animal does it resemble somewhat? 

20. Define, as related to the Crustacea: eedysis, moult, haemocoel, sinus, ostia, bailer, 
statolith, gastril mill. 
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CHAPTER XXVI 


THE ARTHROPODA {Continued) 

THE INSECTA 

And I will restore to you the years that the locust has eaten, the cankerworm and 

the caterpillar and the palmerworm, my great army which I sent among you. 

—JoeU 2: 25. 

I. Insects in General 

Insects live almost everywhere, in fresh and salt water, in the soil 
and on the land, in nearly every kind of a situation, from wet places to the 
desert, in and on plants and animals, including Man. Tliey are the largest 
known group of animals, about 625,000 having been described. 

According to students of paleontology, insects have existed on earth 
since the Pennsylvanian times of the late Paleozoic era, or more than 
twice as long as man has been here. Durhig this period of time, they 
have become highly specialized and well adapted to their environment. 
Man wages a ceaseless war against insects, and it may well be, as pointed 
out by one of our foremost students of the insects, Dr. !>. O. Howard, 
that the very existence of man in the future will depend upon how well he 
succeeds in controlling this mighty host. 

When an important crop is threatened with destruction because of 
insects, the entomologist, who studies life cycles, habits, and reproduction 
of insects, is called in to find a way to destroy them without damaging 
the crop; if some disease is transmitted by an insect, it is the medical 
entomologist who studies the suspected insects to solve these problems. 

Not all insects are injurious; many of them are harmless, and many 
are beneficial to Man, It would be hard to estimate the value of insects in 
pollinating flowers, especially those of fruit and crop plants. Some insects 
aid in destroying insect pests; bees give us honey and wax; the lac insect 
gives us shellac; the cochineal insect furnishes a red dye; there are many 
other beneficial insects. 

II. The Grasshopper 

In some sections of the country, the cicada (Fig. 290) is called the 
severUeen-year locust, but the true locusts are the short-homed grass¬ 
hoppers (Fig. 277). The old name for insects, which is often used now, is 
Hexapoda (page S74). Grasshoppers are members of the Orthoptera. 

A. External Features.—^The chitinous exoskeleton of the grasshopper 
differs from that of the crayfish in that the chitin contains no lime. The 
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exoskeleton is secreted by the skin just beneath it, the hypodermis. Where 
the segments join each other, the chitin is membranous, and the joints 
allow movement of parts. The body is divided into three distinct regions: 
(1) the head; (2) the thorax; (3) the abdomen (Fig. 278). 

1. The Head. —^The head in an adult grasshopper appears to be 
unsegmented because six segments are completely fused. It bears a pair 
of “feelers” or antennae, in which are located the organs of smell. On 
each side of the head is a large compound eye, 
made up of a large number of six-sided facets 
(Fig. 278) that fit together exactly to form a 
sort of mosaic. Arranged in the form of a 
triangle, one at the base of each antenna and 
one in the middle of the “face,” are three 
simple eyes or ocelli. Because the eye is much 
curved and because each facet is located at 
the end of a rod-shaped column {ommatidium)^ 
the animal can see in all directions. Such com¬ 
pound eyes are especially fitted to perceive 
moving objects. 

The mouth parts are especially adapted for 
eating grass and hard substances (Fig. 279). 

The upper lip, or labrvm, moves up and down 
as the insect eats. Just under this is a sort 
of tongue, the hypo pharynx. The jaws, or 
mandibles, are hard and toothed so as to tear 
and chew food. They move from side to side 
when the animal is eating. Behind the 
mandibles are the maxillae, which aid in hold¬ 
ing and cutting food. Attached to each of 
these is a “feeler” or palpus, which looks like 
a short antenna. Finally, there is the lower lip, or labium, which is two- 
lobed and bears a palpus on each side. The labium is used to hold the 
food between the jaws. In certain other insects the mouth parts are 
modified into tubes, as in the moths and butterflies, or into piercing and 
sucking organs, as in the mosquitoes. 

2. The Thorax. —^The thorax consists of three segments, the pro- 
thorax (Gr. protos, first) in front, the mesothorax (Gr. meso, middle) in 
the middle, and the metathorax (Gr. meta, over) behind. The prothorax, a 
saddle-shaped structure just behind the head, bears the first pair of legs. 
The mesothorax has the first pair of wings attached to it on the upper side 
and the middle pair of legs on the underside. The metathorax bears the 
second pair of wings and the hind legs. Figure 278 shows the relationship 
of these parts. 



Fig. 277.—^The short homed 
grasshopper or locust^ Schisto- 
cera americana. (Courtesy of 
U.S. Bureau of Entomology.) 



396 


BIOLOGY: THE SCIENCE OF LIFE 



Fig. 278.—The external features of the male grasshopper. (B. Shamos.) 



LABIUM 

Rg. 279.—‘Mouth parts of a sni*hopper. (J. Wyatt.) 
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a. The Wings, —^The two pairs of wings are quite different, the anterior 
pair being somewhat thickened and narrow, whereas the posterior pair 
are thin and transparent, sometimes brightly colored. They are broad, and 
when the animal is at rest they fold up and are covered by the anterior 
pair. Both pairs are supported by the so-called veins. Specialists use the 
number and arrangement of the veins as a means of classification of 
insects. 

h. The Legs, —^The legs of the grasshopper are modified so as to fit it 
for the life that it leads. Since it clings to upright steins (Fig. S77), the 
feet are modified for clinging. In the leg of the grasshopper and the 
insects, in general, there are two short segments, the coxa, next to 
the body, and the trochanter; two long segments, the femur and the tibia; 
and finally the tarsus, consisting of three segments and ending in two claws 
having a fleshy pad between them, the pulvillus. A grasshopper can leap 
fifty times its own length. This is possible because of the length of the 
third pair of legs, the leaping legs, and of the muscles attached to them. 

3. The Abdomen. —^The abdomen of the adult consists of 10 easily 
recognized segments and 1 at the posterior end that is incomplete. On 
the first segment is a tightly stretched membrane that is the eardrum, or 
tympanum. Along the sides of eight of the abdominal segments are 
spiracles through which the air enters the breathing tubes, or tracheae. 
At the extreme end of the female is located a pair of pointed appendages 
that constitute the ovipositor, or egg placer (Fig. ^80). The posterior end 
of the male is rounded. 

Some insects, especially weevils, have such highly developed oviposi¬ 
tors that they are able to pierce pecan shells and other hard surfaces to 
make a place for their eggs. The sting of a bee is a good example of an 
ovipositor modified for defense. 

B* Internal Anatomy and Physiology. 1. Digestion. —A comparison 
of the grasshopper with the crayfish shows similarities in features but 
differences in details. The grasshopper possesses a gizzard instead of a 
gastric mill. Its digestive system is divided into three main divisions: the 
fore-gut, the mid-gut, and the hind-gut. The mouth opens into the 
pharynx, which is in the head (Fig. 280). On either side of the pharynx, 
opening into it, is a salivary gland. The pharynx leads into the esophagus, 
which, in turn, enlarges to form the crop. In this organ are rows of spine¬ 
like teeth on the chitinous wall. Behind the crop is the gizzard, which is 
not sharply separated from the crop. The gizzard is lined with plates 
through which the food is strained into the thin-walled ventriculus or 
stomach. Opening into the anterior end of the stomach are eight spindle- 
shaped double pouches, the gastric caeca, which secrete a digestive fluid. 
From the stomach leads the intestine,^ the posterior part of which is 

i The regions of the intestine are three: (1) the ileum, extending from the point where 
the malpighian tubules enter the gut and ending in the dorsal bend; («) the colon, about 
in. long which turns abruptly from the Ueum; (3) the enlarged rectum, into which the colon 
leads. 



ARTHROPODA, INSECTA 


399 


expanded into the rectum. This opens to the outside through the anus. 
The food is digested in the stomach, and some absorption takes place 
there into the fluid in the haemocoele. Absorption is completed in the 
intestine. 

a. Circulation. —^The circulatory system of the grasshopper and of 
other insects is simpler than that of the crayfish. The heart, lying in a 
haemocoele, is made up of chambers, one for each segment it passes 
through. It is filled with and surrounded by blood. Blood enters the heart, 
as in the crayfish, through ostia that have valves to prevent the blood 



Fig. 281.—<A) The respiratory system of the grasshopper (modified from Vinal). (B) 
Left spiracle of mesothoracic segment, outer view. (C) Right spiracle of mesothoracic seg¬ 
ment, inner view. (B and C after Snodgrass.) 

from flowing in any direction except through the vessel toward the head. 
The heart contracts rhythmically, and the blood flow^s forward toward the 
anterior part of the body and into the haemocoele. It circulates slowly 
through the sinuses, carrying food to all the tissues. The system of sinuses 
is so constructed as to direct the flow, and it finally finds its way again to 
the posterior of the tube-like heart. In the crayfish, the blood serves the 
usual functions of transporting foods and the oxygen and carbon dioxide 
that are'concerned with respiration. In insects, however, respiration is 
taken care of by a system of tubes or tracheae (Gr. tracheia^ windpipe), and 
the blood functions only in the distribution of food and waste products. 
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3. Respiration. —^The tracheae (Pig. 281A) constitute a complex 
network of minute tubules connected with the spiracles (Fig. 281J?) along 
the sides of the thorax and abdomen. No such system is present in the 
crayfish. In a living grasshopper, it will be noted that the abdomen 
enlarges and contracts with a sort of pumping motion. This causes the air 
to be drawn into and expelled from the spiracles. Each spiracle (L. 
spiraculum, a breathing hole) is lip-like and is protected from dust by 
minute hairs. Each is guarded by valves that can be opened and closed 
to regulate the flow of air and are connected with a system of tubes or 
tracheae that extend to every part of the insect’s body. There are 10 pairs 
of spiracles, 2 on the thorax and 8 on the abdomen. Those on the abdomen 
are easy to see on the anterior margin of each segment near the union of 
the sternum with the tergum. The tracheae are kept open by rings of 
chitin and are expanded in some places to form large air sacs (Fig. 281^). 
They are divided and subdivided into smaller divisions, the tracheoles^ 
which are delicate and through the walls of which there is an exchange 
of gases by diffusion, the oxygen from the air going to the tissues and the 
carbon dioxide being collected from the tissues. In most animals, this is 
done by the blood. A “tracheal system” is characteristic of insects and 
is present in a few species of spiders; no other animals possess this type 
of respiratory system. Certain aquatic insects possess gills. 

4. Excretion. —^The grasshopper is provided with special excretory 
organs, the Malpighian tubules (named for their discoverer, Malpighi), 
which open in the anterior part of the hind-gut. They are coiled in the 
haemocoele and so are bathed in blood. From it they extract the nitroge¬ 
nous wastes and pour them into the intestine. These wastes leave the 
body as dry wastes through the anus. 

5. Coordination. —^The nervous system of the grasshopper is on the 
same general plan as that of the crayfish, though specialization has gone 
further. In the embryo, there are ganglia in every segment, including six 
in the head. In the adult, three of these have fused to form the brain and 
three to form the first ganglion of the ventral nerve cord, the subesophag- 
eal ganglion. The brain is in the dorsal part of the head and is connected 
with the subesophageal ganglion by a pair of circumesophageal commis- 
siu*es or connectives. There are three ganglia in the thorax and five in 
the abdomen. Branches from these and from the brain supply all parts 
of the body (Fig. 280). The ventral cord is a double-ganglionated struc¬ 
ture. With the brain removed, the animal can still walk, jump, and fly. 
It does not, therefore, have a coordinating function. It does serve to relay 
stimuli from the sense organs on the head and acts as an inhibiting center. 
If it is removed, the animal moves continually and will respond to even 
slight stimuli. The segmental ganglia are connected and coordinated by 
nerves that run in the ventral nerve cord. 
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The reactions of insects are more numerous and specialized than those 
of the crayfish. 

Motion and Locomotion. —^The number of muscles in an insect’s body 
is very large, and, for their size, they are very powerful. They are of the 
striated type. It is interesting to note that the skeleton of the grasshopper 
is on the outside, whereas the muscles and their attachments, which are 
responsible for all movement, are on the inside, just the opposite condition 
from that which exists in the vertebrates. The grasshopper can fly as well 
as walk and jump. Jumping is accomplished by use of the powerful hind 
legs. 

6. Special Senses, a. Vision. —^The eyes, simple and compound, 
have already been mentioned. It is probable that the ocelli are only 
light-perceiving. Tke compound eyes, though six- instead of four-sided 
(Fig. 278), are constructed on the order of those of the crayfish (Fig. 279). 
Each facet is connected with an ommatidium^ and there may be thousands 
of these in a single eye, separated from each other by a thin layer of 
pigment. This “mosaic” type of eye is especially useful in detecting 
movement. 

b. Auditory Sense. —On the first abdominal segment is a tympanic 
membrane stretched across a small pit (Fig. 278). A small liquid-filled 
vesicle, closely connected with the auditory ganglion, is beneath the 
tympanic membrane. An auditory nerve connects the auditory ganglion 
with the ventral nerve cord. Members of the Orthoptera make charac¬ 
teristic sounds in various ways; locusts, by rubbing portions of the wings 
together; katydids, by rubbing a broad segment of the hind leg over the 
outer surface of the front wing; crickets with special stridulating organs 
on the wings, the “file and scraper.” 

c. Smell and Taste. —^Experiments appear to indicate that certain 
pits in the antennae are organs of smell. In some insects, there may be 
thousands of these smell organs. Taste cups are on the inner surface of 
the labrum or upper lip. 

d. Touch. —Tactile hairs are scattered over the body and are on the 
antennae or “feelers.” Each of these hairs has a nerve cell at its base 
that is connected with the central nervous system by a nerve branch. 

7. Reproduction and Metamorphosis. —The sexes are separate. 
The difference between the posterior portions of the bodies of the male 
and female has already been referred to. In the male, the reproductive 
organs, the testes^ lie dorsal to the intestine. The two join to form a single 
mass, and from either side of this a much-convoluted tube, the sperm 
duct or VOS deferens^ arises. They fuse to form a single tube just before 
reaching the copulatory organ. Accessory glands and seminal vesicles 
for storing sperm are present. In the female, a pair of ovaries lie in a 
position corresponding to that occupied by the testes in the male. The 
ovaries consist of a number of ovarian tubes in which the eggs are formed 



402 


BIOLOGYi THE SCIENCE OF LIFE 


An ovidvM leads from each ovary. These unite to form the vagina^ which 
opens into the genital opening between the plates of the ovipositor. As in 
the crayfish^ the female receives and stores sperm in a spermatheca. A 
duct from this opens dorsal to the vaginal pore, so that the eggs pass 
down the oviducts to the vagina and are fertilized as they are laid. The 
shell is already on the egg when it reaches the genital opening, but there 
is a small hole, the micropyle, through which the sperm enters. One sperm 
unites with the nucleus of the egg. The female is able to make a hole in 
the ground with the ovipositor, and so the eggs are laid side by side in 



Fig. S82.—Some stages in the development of the grasshopper. (A) Female grasshopper 
laying eggs in the ground. (B) Egg mass in hole. (C) Young grasshopper, just hatched. (D) 
Young grasshopper, greatly enlarged, showing large head, lack of wings, etc. (E) (F) Later 
stages of development. (F. A. Baker.) 

rows at a depth of about 1 in. and cemented together by a frothy 
substance. They are arranged obliquely so that all slant upward (Fig. 
282B), This facilitates the escape of the young from the lower layers. 

On account of the large amount of yolk, the egg in division does not 
cut in two, then four, etc., to form a hollow ball (blastula) as does the 
egg of Amphioxm (page 684), but the zygote nucleus divides many times; 
then the nuclei move to the periphery, and cell walls soon surround each 
nucleus, forming cells (Fig. 283). Later the cells pass inward, and the 
usual three germ layers, ectoderm^ mesoderm^ and entoderm^ are formed. 
It was mentioned above that parts of the alimentary canal were lined with 
chitin^ a substance secreted only by the ectoderm. This is explained when 
it is known that the fore-gut and the hind-gut, which are lined with 
chitin, are formed by the infolding of the ectoderm. The mid-gut develops 
from the endoderm. 
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Metamorphosis. —The young grasshopper, or nymph, resembles its 
parents, but its head is large in comparison with the rest of its body and 
lacks wings. To grow and develop, it must shed its exoskeleton periodically 
in the same way as the crayfish does. The grasshopper type of develop¬ 
ment or metamorphosis is called gradual metamorphosis (Fig. 282). 

Some authors list four tj^pes of 
development of insects: (1) development 
without metamorphosis (ametabolous)^ 

Thysanura, Mallophaga, etc.; (2) grad¬ 
ual metamorphosis (paurometabolous)^ 
grasshoppers and bugs; (3) incomplete 
metamorphosis (hemim etabolous) ^ 
dragonflies, May flics, etc.; and (4) com¬ 
plete metamorphosis {holometabolous), 
butterflies, moths, etc. In the first type of 
metamorphosis, the animals go through 
a series of developmental stages but 
have practically the same form as the 
adult all the time. In gradual develop¬ 
ment or metamorphosis, the nymphs 
look something like the adults, and the 
rudimentary structures develop slowly. 

In incomplete metamorphosis, as in the 
dragonflies, the eggs hatch into the 
naiadsy which live in the water and are 
active. These forms go through greater 
changes in development than do the 
nymphs in gradual metamorphosis. In 
complete metamorphosis, the larvae 
develop into pupae^ usually enclosed in 
cocoons, and remain quiescent for a time. Later they are completely 
transformed. The pupal state is sometimes called a chrysalisy especially 
in butterflies, and the final or mature state, usually winged, the imago 
(page 888). There is a far cry from the caterpillar to the butterfly! Each 
type of metamorphosis in this series involves greater changes than the 
preceding type. Insects do not grow larger after they reach the adult stage. 

III. The Honeybee 

The honeybee is a more specialized type of insect than the grass¬ 
hopper. It is not a native of the United States, and the Indians called it 
the rohite marCs fly. Bees are in no sense tamed but carry on their work 
as they have for thousands of years. 



Fis. 283.—^Superficial cleavage in 
an insect egg (Fly, Miastor) (cl) 
Cleavage cells, (gc) Germ cells, (y) 
yplk. (After Hegner.) 
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Fis. S85.—The woticar b*«. (A) Bm* ctening •nteniMc in granting. Tha antannga am 
tansHiva. (B) Enlwgad portion of tha aya fbowing facati and hairs. (Q Wings. (D) Lags of 
Bit workar and gnnaral stmetura of tha body. (B. Shamos.) 
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Fig. 286.—*The honey bee. Apis meliihce. (A) Worker. (B) Queen. (Q Drone. (D) 
Queen cells. (£) E 99 . (F) Lerve. (G) Pupe, eerly ste 9 e. (H) Pupa, late sta 9 e. (Courtesy ol 
U.S. Bureau of Entomoio 9 y.) 

in structure. Unless otherwise noted» the following description applies 
to workers. ^ 

1. General Features. —^The body is covered with a chitinous 
exoskeleton except at the joints, where it is membranous to allow motion. 
Covering this is a coat of hair^ which gives the bee its fuzzy appearance. 
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In older bees, this may be partly worn ofF. Like the grasshopper, the body 
of the honeybee is divided into head, thorax, and abdomen. The head 
bears a pair of compound eyes, one on either side, and three small ocelli. 
In addition, there are a pair of feelers or antennae and complicated mouth 
parts. The prothorax bears the front legs; the mesothorax, the middle 
legs and the anterior pair of wings; and the metathorax, the hind legs 
and the posterior pair of wings. The abdomen is composed of six external 
segments having a dorsal tergum and a ventral sternum. At the end of 
the abdomen is the sting. 

2* Mouth Parts. —The mouth parts of the honeybee are adapted 
both for chewing and for sucking up nectar. The cly'peus is the region 
below the antennae, and attached to it is the upper lip, or labrum. Just 
below this is the epipharynXy probably an organ of taste. Partly hidden 
by the labrum are the jaws or mandibles. These are used mainly for 



Fig. 287.—Honey«gatliering tool of the honeybee. Diagrami to show positton of the mouth 
parts when in use and when not in use. (F. Baker.) 


manipulating wax. The maxillae are elongated and proviilcd with stiff 
hairs along their edges; maxillary palps are present but vestigial. The 
labium is modified for sucking nectar; the ligula is a tongue-like structure 
covered with hairs, having at its tip a spoon-like structure, the houtoHy 
used in collecting nectar. Flattened labial palps are attached to the 
ligula at its base. The labial palps and the maxillae can be pressed 
together to form a tube when the bee is collecting honey. Within this 
tube the ligula, with honey on the hairs, is drawn back and forth. Lower¬ 
ing of the epipharynx allows the honey to enter the pharynx, and from 
here it goes to the honeysac. The relationship of the mouth parts of the 
honeybee is shown in Fig. 287. 

3. The Legs. —The legs of the honeybee, like those of the grasshopper, 
have two short segments, the coxa and the trochanter, two long segments, 
femur and tibia, and a five-jointed tarsus provided at the tip with a 
pair of strong claws. Between the claws is an adhesive organ that enables 
the animal to hold fast to slippery surfaces. The leg of the honeybee, 
however, has structures that the grasshopper does not have. These are 
adapted to the activities of pollen gathering and the making of wax. 
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a. Forelegs. —The anterior pair of legs has along the anterior margin 
of the tibia short, stiff hairs used as an eye brush. In gathering pollen, 
some of it sticks to the hairs of the eyes (Fig. 2S5B). There is also a pollen 
brush on the first joint of the tarsus, used to collect pollen grains on the 
hairs of the body. .The antenna cleaner is at the base of the first notch of 
the tarsus. In this notch is a semicircular area lined with stiff hairs, 
When placed over the antennae at their bases, the notches are closed, 
and the antennae are drawn through and effectively cleaned. 

b. Middle Legs. —These have a spur or spine near the outer end of the 
tibia used for removing the fiakes of wax from the underside of the 
abdomen. 

c. Hind Legs. —These are longer and broader than the other two 
pairs. A depression in the surface of the tibia, with long hairs that curve 



Fig. 288.—The honey stomach of the honeybee. (B) Section to show valve between the 
honey stomach and the true stomach. (C) Wax plates on the underside of the abdomen. (D) 
Sting of bee greatly enlarged. (A and B after Snodgrass.) 


outward, is the pollen basket. Rows of pollen combs are on the inner 
surface of the first tarsal joint. These are used to scrape the pollen from 
the second legs and posterior part of the abdomen. The peefen^ a row of 
stiff hairs on the lower edge of the tibia, is used to remove the pollen from 
the combs of the opposite leg, and it falls on the flattened plate, the 
auricle (Fig. 287). The pollen is then pushed into the pollen basket when 
the auricle is pressed against the end surface of the tibia. When the pollen 
basket is filled (Fig. 110), the bee returns home and deposits the load in 
special cells. Mixed with honey and saliva, it is the ""bee bread’' used 
as food for both larvae and adults. 

4. The Sting. —Only the workers and the queens have stings. The 
sting is a complex organ, attached to muscles and the poison sac (Fig. 
288.D). Externally, there are two palps, or feelers, which locate the place 
to be stung. The sting is a hollow organ with barbs on the end. When this 
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sting is thrust into the skin, the poison sac contracts, and the poison is 
injected through the sting. More often than not, the bee dies when it 
stings another animal, for when the sting is left in the wound, parts of 
the viscera are likely to be attached to it and to be torn away with it 
so that the bee is fatally wounded. The sting of the queen is modified 
as an ovipositor. 

5. The Wings. —^The wings are membranous, and there are two pairs. 
The smaller hind wings are hooked on to the forewings by hooks {hamuli) 
when the bee is in flight (Fig. 285C). 

B. Internal Anatomy and Physiology. 1. Digestion. —Two pairs 
of salivary glands open into the mouth. It is suggested that the secretion 
of the head glands may be used to soften the wax as it is being kneaded. 
The mouth leads into a short pharynx^ which is connected to the long, 
thin esophagus extending through the thorax. In the abdomen the 
esophagus leads into a thin-walled crop or honey stomach. Between the 
honey stomach and the true stomach is the proventriculus, in which is a 
valve-like arrangement controlling the passage of honey and pollen into 
the true stomach, or ventriculus (Fig. ^88-4). Following the stomach 
is the intestine^ expanded at its posterior end into the rectum^ which opens 
to the outside through the anus. The food of the adult is pollen and honey, 
the pollen furnishing the necessary proteins. The larvae are also fed pollen 
and honey. For the first 3 days, all are fed “royal bee jelly,” a secretion 
from glands in the heads of the workers. The queen larvae receive this 
food during the entire larval period. 

Honey Making .—The nectar of flowers is sucked up by the workers 
and swallowed into the honey sac. Here the more complex sugars are 
transformed into simple sugars. Other changes take place that are not 
well understood. The composition and taste of honey vary in various 
localities and depend somewhat upon the character of the flowers 
from which the honey is gathered. When the worker returns to the 
hive, the honey is placed in the cells. Since it still has too much water, 
the honey cell is left uncapped until it has evaporated somewhat. The hive 
is “air-conditioned” by the workers, who keep the air in circulation by 
the vibration of their wings. Just before the cell is capped, the worker 
adds a drop of material from her poison sac, which acts as a preservative. 

2. Respiration. —The system is, in general, somewhat like that 
described for the grasshopper, though the spiracles are small and not 
easily seen. The spiracles lead to an elaborate system of air passages, the 
tracheae^ expanded in certain portions into air sacs. Air is forced out of 
the spiracles by the telescoping of the abdominal segments and the con¬ 
traction of the sides. It is drawn in by the reverse of this process. The 
smaller branches ramify to all parts of the body, and through them 
oxygen from the air is brought to the tissues and carbon dioxide taken 
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away. In animals other than insects, this function is performed by the 
circulatory system. 

3. The excretory, circulatory, and nervous systems of the 
honeybee are much like those of the grasshopper, though more specialized. 

4. Special Senses, a. Vision. —^The compound eyes and ocelli 
have been mentioned. The eye of the honeybee is like that of the grass¬ 
hopper in structure, each facet being connected with an ommatidium, or 
seeing unit. There may be as many as 5,000 of these separated from each 
other by a thin layer of pigment. Between the six-sided facets are hairs 
which have a protective fimction (Fig. 285JK). Although they cannot 
distinguish red from other dark colors, experiments seem to indicate that 
bees are able to distinguish colors in flowers. 

b. Smell .—The olfactory pits on the antennae are concerned with the 
sense of smell. The drone has the greatest number of these, about 37,800. 
It is thought that this is connected with the finding of the queen in the 
nuptial flight. The queen has about 2,400 of these pits and the workers 
about 1,600. 

c. Hearing. —Bees may be deaf, though there are some pits on the 
antennae that may be auditory organs. Since bees produce sound, it 
would seem that they must have some mechanism for hearing. 

d. Taste.—Ta^tQ setae, as well as other structures about the mouth, 
have been described as taste organs. They seem able to distinguish sweet, 
sour, bitter, and salty. 

e. Touch. —Tactile hairs of two kinds occur on the antennae of bees, 
and there are hair-like end organs of touch on various parts of the body 
(Fig. 285). 

5. Reproduction. —The workers are infertile females that take no 
part in producing young. 

a. The Role of the Drone .—The reproductive system of the drone 
consists of two testes in the abdomen of the male, each connected with a 
sperm duct» or slender tube, the vas deferens. Each of these expands to 
form a sac, the seminal veswlcy for the storage of the sperm that are 
formed in the testes. The two seminal vesicles empty into the ejaculatory 
dudy which is a single median tube, and this, in turn, is connected with the 
copulatory apparatus. There are also two large glands secreting nourish¬ 
ment for the sperm that empty into the ejaculatory duct. The drone 
takes no part in the work of the hive; his important function is to transfer 
sperm to the queen. During the nuptial flight, enough sperm are trans¬ 
ferred to the queen to last her lifetime of 5 or more years. The drone 
usually dies after the nuptial flight, since some vital organs may be torn 
out with the sperm pocket. 

h. The Role of the Queen. —^The cpieen is the mother of the hive and 
lays all the eggs. She has two large ovaries^ each consisting of a large 
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number of parallel tubes, within which the eggs are formed. The ovaries 
are connected with an oviduct, and the two oviducts fuse to form the 
vagina, which leads to the exterior. A reservoir for storing sperm, the 
spermatheca, opens into the vagina on the dorsal side. The queen mates 
but once, and the sperm may live for years in the spermatheca. She may 
live 5 or more years and, during the season, may lay 900 to 2000 eggs a 
day. 

The eggs pass down the oviducts to the vagina and may or may not 
be fertilized. The eggs placed in drone cells are not fertilized, whereas 
those placed in queen and worker cells are. How the queen determines 
whether or not the eggs are to be fertilized is not known. 

c. The Larvae ,—The eggs hatch in 4 days into grub-like larvae. As 
has been pointed out, the queen larvae receive different food from that 
given to the drones and workers. The larvae molt several times, then 
spin a cocoon and pupate (Fig. 286). At the end of the larval period the 
workers place a food supply in the cell and then cap it over. The three 
types of bees vary as to the time of emerging from the pupal state. 



Hatching 
of the egg, 
days 


Pupal 

period, 

days 

Time of 
development, 
days 

Worker. 

3 

6 

12 

21 

Drone. 

8 



24 

Queen. 

3 



16 


Apparently the difference between the queen and the workers is due to 
the way in which they are fed. 

C. The Activities of the Hive. 1. Work Done by the Workers.— 
When bees settle in a hive, the workers go out and gather a resin-like 
substance from buds of trees. It is called propolis and is used to stop all 
chinks. They then gorge themselves with honey and attach themselves 
together, the front feet of one being hooked on to the hind feet of the 
one in front. In this way, they form a sort of ‘*wax curtain’’ and remain 
motionless for a time, or until the wax is secreted. The wax is secreted by 
wax glands and passes through pores to the underside of the abdomen 
(Fig. 2880), hardening as it reaches the air. The plates of wax are removed 
by the hind legs, passed forward and kneaded by the jaws, and so begins 
the building of the comb. The comb is made up of six-sided cells arranged 
horizontally (Fig. 285D). The cells are used for the young and for storing 
honey. The (jells for the drones are about one-third larger than the 
worker cells; those for the queen are larger than either, appearing some¬ 
thing like a peanut (Fig. 286i)). 
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The workers keep the hive clean, bring in water and pollen, and finally 
wear themselves out bringing in the nectar from which honey is made. 
At the height of the season, a worker will live only about 6 weeks. 

2, Swarming. —When the hive becomes crowded, the old queen 
collects some thousands of her subjects, and all fly away to a new home. 
This may happen twice or three times during a season. When the new 
queens emerge from their cells, they “fight it out’’ until only one remains. 
Workers do not aid in the elimination of the extra queens. Only one 
remains and becomes head of the hive after her nuptial flight. 

3. Bees in Winter. —^The males die at the approach of winter, being 
pushed out of the hive by the workers, probably to conserve the food 
supply. The workers, born in late summer, and queen are left. But the 
activity of the hive does not cease entirely, and so a good supply of food 
must be on hand if the bees are to survive. By forming a ball and exer¬ 
cising, the workers are able to keep the temperature of the hive 20 to 30°F. 
above that on the outside of the hive. The bees on the outside of the ball 
exercise the most, and so positions are often exchanged; the bees on the 
outside move to the center, those in the center moving to the outside. 

D. Importance of Bees.—Biologically, the bees are important as an 
example of extreme specialization for the type of life they lead in a 
social community. They are important to man as pollinating agents, for 
many important crops depend upon them entirely. For example, red 
clover is pollinated only by the bumblebees. In addition, many thousands 
of pounds of honey and beeswax are sold in the markets every year. 

IV. Social Life among the Insects 

In the insect world, there are all gradations of social life, from solitary 
foftns to the complex communities of wasps, bees, ants, and termites. 

Most insects live individual lives, and, beyond the fact that eggs 
are laid in a favorable situation, often upon a suitable food supply, there 
is no parental care of the young whatever. Some take an active part in 
providing for the next generation at the time of egg laying but take no 
part in providing for the developing young. For example, a number of 
wasps make nests, provide them with flies, caterpillars, or spiders that they 
have paralyzed by stinging, then lay a single egg in each nest, and seal 
it up. The young larva hatches, finds plenty of food, feeds, grows, pupates, 
and finally emerges without ever having known its parents. 

There are various theories as to how social life among the insects 
has come about. One is the dependence of the young upon the parents, 
resulting in the close association of the parents and the young. 

Annual communities may be formed, as by bumblebees. In the late 
siunmer, young females find a protected place to pass the winter, under 
bark or in some other suitable place. All the others die; only the queens 
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live through winter. In the spring, each queen finds a small hole, perhaps 
the abandoned nest of a field mouse. Here she makes a nest of grass and 
moss and then brings in a mass of pollen and moistens it with nectar. 
This is protected by a wax wall, and the eggs are laid in the pollen mass, 
which is then capped over with a wax covering. She makes an open cell 
and fills it with honey and places it between the nest and the entrance. 
This furnishes her with food. When the eggs hatch, she gnaws a hole 
in the wax and drops food, regurgitated honey and pollen, inside for the 
young larva. The young larvae eat this and soon eat out a hole in the 
[X>llen mass. In about 10 days the larvae are fully grown and spin a 
tough cocoon. The wax cap of the nest is then removed. In this way, 
the separate cells are made by the larvae themselves. In about two 
weeks, the adults emerge and take over the work. 

For habits of ants, sec page 776; for adaptations, “mimicry,” protec¬ 
tive coloration, and the like shown by insects, see page 769; for further 
discussion of injurious and beneficial insects, see Chap. XLVIII. 

V. The Orders of Insects 

An extended description of the innumerable types of insects would 
be out of place here. Authorities do not agree upon a single classification. 
Some classifications are made upon the basis of the structure of wings 
and mouthparts, some upon type of development; some use other features 
as a basis of classification. No subclasses and few suborders are included 
in the following brief description of the more important orders of the 
Insecta, which is placed here for reference. For a more extended classifi¬ 
cation of this group, the student is referred to special books on the 
subject of entomology. ^ 

Order 1 . Thysanura (Gr. thysanos, tassel; oura, tail) or Aptera [Qr, apteras, wingless). The 
bristletails or silverfish. Primitive, wingless Insecta; mouth parts, chewing; no metamor¬ 
phosis; household pests that do much damage to bookbindings and clothing. About SOO 
species. 

Order 2. Collembolla (Gr. koUa, glue; embohn, peg). The aprinfftails. Primitive; wingless; 
mouth parts chewing; no metamorphosis; often microscopic; found in crevices of bark, 
under wood, etc.; feed on decaying matter; the snow flea, Achorutes nivicola, sometimes 
a pest in sugar-maple camps, and the garden flea, BourleHdla hoHensiSt damaging to 
young vegetables. About 1,200 species. 

Order 3. Orthoptera (Gr. orthos, straight; pteron, wing). Grasshoppers, crickets, katydids, 
praying mantis, etc. Four wings; sometimes reduced or wanting, the front pair narrow, 
somewhat thickened, the hind pair membranous, broad, and folded when at rest; meta¬ 
morphosis gradual (Fig. 289). 

Six distinct families; the first three are the singing, jumping Orthoptera, or Saltatoria 

saltare, to leap). 

The grasshopper group, family Locustidae or Acrididae, includes the short-horned 
grasshoppers, sometimes colored green; katydids and camel crickets are included in the 
family Tettingoniidea. 
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Ordinary cricketa, tree crioketa, and mole cricketa belong to the family Gryllidae. 

Members of this group have wings and produce sounds; the **ear’* (Fig. 418) is on 
the front leg (tibia). 


INSECTA 



3 . WALKING STICK ' \ \ 

4. COCKROACH 



Fig. 289.—Rtprtftniatlvtt of tht intoet ordtn. (^Ephtmtrida « Ephemeroptera.) (B. F. 
Edwards. Tho figures are not drawn to scale.) 


Walking aticka, walking leavea, devil*a'^ming^needlet family Phasmidae; resemble 

twigs and furnish an excellent example of protective resemblance. 
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To the family Blattidae belong the familiar cockroaches; the body is flattened; they 
have been called the running Orthoptera; have a bad odor and are considered dirty. 

The Mantidae include the praying Mantis; they are only orthopterans that are exclu¬ 
sively carnivorous; get their name from the curious position in which they hold their 
front legs, as in an attitude of prayer. Some tropical members of this family have their 
wings so modified as to resemble leaves. The Orthoptera include about 18,000 species. 

Order 4. Isoptera (Gr. isos, equal; ptcron, wing). White ants or termites. Colonial insects, 
living in great nests or colonies and having, like ants, several castes; mouth parts chewing; 
metamorphosis gradual; feed mostly on wood and do great damage to buildings (page SSMi). 
About 2,000 species (Fig. 289). 

Order 5. Ncuroptcra (Gr. neuron, nerve; pteron, wing). Ant lions, aphis lions, Dobson flics, 
laccvnngs, etc. Two pairs of membranous, net-veined wings; mouth parts chewing; 
metamorphosis incomplete; larvae may be aquatic or terrestrial. 

The lace wing, Chrysopa oculata, or golden eyes, is a beneficial insect, since its larva, 
aphis lion, feeds upon plant pests such as apids, thrips, scale insects, etc. About 2,000 
species. 

Order 6. Epkemeroptera (Gr, epkemeros, for a day; pteron, wing). Mayflies. Four net-veined, 
gauzy wings, folding vertically over the back w’hen the fly is at rest, the hind pair much 
smaller, rarely wanting; mouth parts chewing but degenerate or w^anting in adults; 
antennae very short; two or three long, slender, many-jointcd “tails” (Fig. 289). Nymphs 
often live 1, 2, or 3 years in the water, but when they emerge as adults they live but a 
few hours or days in the air; nymphs breathe by means of tracheal gills; important as 
food for fish. About 800 species (Fig. 289). 

Order 7, Odonata (Gr. odons, a tooth). Dragonflies, damsel flies. Four membranous, slender, 
finely net-veined wings of about equal size; larvae are aquatic; metamorphosis incom¬ 
plete (Fig. 289). 

Two suborders, the dragonflies, Anisoptera, and the damsel flies, Zygoptera. The 
dragonflies usually hold their wings in a horizontal position when at rest, whereas the 
damsel flies hold theirs parallel with the body when at rest (Fig. 289). The Odonata are 
useful to man because both the larvae and the adults feed upon other insects, the adults 
upon flies and mosquitoes and the larvae upon mosquitoes and other larvae; larvae also 
serve as food for fish. About 5,000 species. 

Order 8. Plecoptera (Gr. plecos, folded; pteron, wing). Stone flies. Four net-veined wings; 
front pair narrow, hind pair very broad, folded like a fan when at rest; mouth parts 
chewing but often reduced; metamorphosis incomplete; larvae aquatic and require 
running water that is well aerated. About 2,000 species. 

Order 9. Corrodentia (L. corrodens, gnawing) or Psocoptera Book lice, dust lice, bark lice, 
deathwatches. Wingless or with four membranous wings with few veins, the first pair 
larger and w^hen at rest held roof-like over the abdomen; mouth parts chewing, with a 
curious rod in the maxilla; metamorphosis simple. Book lice are wingless and do much 
damage to little-used books (Fig. 290). 

Order 10. MaUophaga (Gr. mallos, wool). Bird lice. Small, wingless, flattened insects; mouth 
parts chewing, not blood-sucking; metamorphosis gradual or wanting; mostly parasitic 
on birds, a few on mammals; feed on hair, feathers, and dermal scales. Those living on 
mammals possess one claw for grasping hair; those living on birds have two claws to aid 
them in moving among feathers; common chicken lotse, Menopon pallidum. About 
2,100 species (Fig, 290). 

Order 11. Thysanopiera (Gr. thysanos, fringe; pteron, wing). The Thrips, Wingless, or with 
two pairs of slender, nearly veinless wings, fringed with long hairs and laid longitudinally 
over the back when not in use; mouth parts rasping, with two pairs of palps but only 
one mandible; metamorphosis gradual, but the larger nymphal stages quiescent; some 
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species injurious to plants, as the onion thrips^ greenhouse thrips, etc.; others carnivorous 
and feed on aphids, red spiders, etc. About 600 species. 

Order 12. Anoplura (Gr. anoplos, unarmed; oura, tail). Bloodsucking lice. Small, wingless, 
flattened, external parasites of mammals; mouth parts retractile, piercing, sucking; eyes 
wanting or degenerate; metamorphosis gradual; the eggs (nits) fastened on the hair 
of mammals. The species that occur on man are the head louse, Pedicidus capitis, the 
«rab louse, Phthirius pubis, and the body louse, PeMculus corporis. Typhus and relapsing 
and trench fevers are transmitted from man to man by the body louse. The dbg louse, 
•hog louse, and ox louse of domestic animals belong to this group (Fig. 290). About 150 
species. 

Order 13. The Hemipiera (Gr. hemi, half; ptcron, wing). True bugs. Two pairs of wings, the 
hind wings shorter and wider than the front pair; distinguished from the Homoptera in 
having the front pair thickened and stiffened at the basal half, the distal half thinner, 
usually membranous; many wingless forms; mouth parts piercing and sucking; some with 
scent glands that give off offensive odors; may be aquatic or terrestrial; the bedbugs that 
live on warm-blooded animals, human species, Cimex lectularius; Triafoma inegista, the 
kissing bug, transmits Chagas’ disease (page 815); chinch bugs, destructive to grain; 
also the squash bugs and stink bugs. About 30,000 species (Fig. 290). 

Order 14. Homoptera (Gr. homos, similar; pteron, wing). Cicadas, leaf hoppers, aphids, and 
scale insects. Usually two pairs of wings of uniform thickness held over the back like the 
sides of a roof- Many economically important insects belong to this group. The cicada 
is sometimes called the seventeen-year locust, Magicicada, because the nymphal stage lives 
in the ground in some sections for 17 years before it emerges; males make loud, shrill 
calls, but the females have no sound-making organs (Fig. 290). 

Among the examples are the spittle insects and the tree hoppers; plant lice, or aphids, 
mostly small green insects, with or without wings, suck the juices of plants and secrete 
from the anus a sweet substance, known as honeydew, which is attractive to ants, bees, 
and wasps; the scale insects and mealy bugs, winglpss, legless, degenerate creatures, living 
beneath a shell of material that they secrete. Among the destructive species are the San 
Jose scale, Aspidiotus pernieiosus, the cottony cushion scale, I eery a purchasi, the mealy 
bugs. Pseudococcus citri and Pseudococcus longispinvs. 

Several species are useful to man. To this group belong the lac insect, Tachardia lajcca, 
from which shellac is made; the cochineal insect, the source of cochineal dye; and the 
China wax insect, EricertLS pe4a. About 25,000 species. 

Order 15. Dermapiera (Gr. skin wing) or Euplcxoptera (Gr. plaited wing). The earurigs. 
Front wings beetle-like but shorter than the abdomen, hind wings membranous; often 
wingless; mouth parts chewing; a conspicuous pair of hooks or forceps at the end of the 
abdomen; metamorphosis gradual; nocturnal; feed principally on vegetation; may be¬ 
come pests. Labia minor is a small native species, whereas the European earwig, Forficula 
aurtcularia, has been introduced into this country. About 900 species. 

Order 16. Coleopiera (Gr. koleo, sheath; pteron, wing). Beetles, Two pairs of wings, the 
anterior pair being hard and sheath-like {elytra), the hind wings being folded under the 
hard, leathery forewings; moutli parts, both larva and adult, chewing; metamorphosis 
is complete (Fig. 290). 

The beetles contain the largest number of species of any group of the animal kingdom. 
They are world-wide in distribution and fltted to live in almost any situation. In a later 
chapter, some of the harmful beetles, the weevils, are discussed. Some of the beetles do 
enormous damage (page 825), and some are beneficial. Among the families in which 
destructive species may be found are leaf beetles, Chrysomelidae; wood-boring beetles, 
Cerambycidae; click beetles, Elateridae; June beetles, Scarabaeidae and Buprestidae; 
and the weevils, Curculionidae (page 826). The cotton boll weevil, Anthonomus grandts 
(page 825) and the alfalfa weevil, Phyhmomus posticus, do millions of dollars* worth of 
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damage every year. Among the beneficial beetles are the ladybird beetles, Rodolia 
cardinalist which feed on the San Jose scale that attacks the orange groves; the tiger 
beetles, of the family Cicindelidae, eat other insects; the predacious diving beetles, the 
Dytiscidae, also eat other insects in filth. Many more might be mentioned. There are 
very many useful and interesting forms of beetles. 

The fireflies, of the Family Lampyridae, are beetles. They have the power of producing 
light in their bodies, and they do this without producing heat. The flashing is supposed 
to be a mating signal, and great numbers often flash in unison. The larvae are predacious, 
and some of them produce light. 

About 250,000 species of Coleoptera. 

Order 17. Strepsiptera (Gr. sfrepsis, a turning wing). Stylops, or tvdsted^wing parasites. 
Minute internal parasites of insects; four wings, anterior pair reduced to clubs, posterior 
pair triangular, folding and without cross veins; mouth parts vestigial; worm-like; 
metamorphosis complete. The stylopids are endoparasites and destroy wild bees, wasps, 
and some leaf hoppers. About 150 species. 

Order 18. Mecoptera (Gr, mrros, long; pteron, wing). Scorpion flies. Four long, rather narrow 
wings with numerous cross veins; head prolonged into a snout, at the end of which are 
the chewing mouth parts; antennae long and slender; no economic importance. 

They get their names from the fact that in some species the males have the tip of the 
abdomen swollen and carry it curved upward, suggesting the sting of a scorpion. 

About 150 species. 

Order 19. Tricoptera (Gr. trichos^ hair; pteron, wing). Caddis flies and caddis worms. Four 
similar, membranous wings, clothed with long, silky hairs, the hind pair shorter and 
broader; mouth parts reduced from chewing; mandibles absent but palps present; larvae 
aquatic and build cases of vegetable matter or sand grains fastened together with a silk 
that is a secretion of modified salivary glands. About 2,000 species (Fig. 290). 

Order 20. Lepidoptera (Gr. Icpis^ a scale; pteron, wing). liuUerfli.es^ skippers^ moths. Four 
wings, membranous and covered with overlapping scales; mouth parts sucking; meta¬ 
morphosis complete; second largest group of the insects^^ range in size from minute to 
large; many destructive (Fig. 291). 

The two large groups are the moths (Heterocera) and butterflies (Rophalocera). 
One family of butterflies, the skippers, is often set apart (Hesperiidae). They have a 
skipping mode of flight. Tsually the two groups are easily distinguished; the moths are 
nocturnal, their antennae are thread-like or feather-like, and their wings are held hori¬ 
zontally, whereas the butterflies fly by day and have antennae wdth knobs on the end, 
and their wings are held vertically over the back w^hen at rest. 

The group is of economic importance; the flowers of the yucca depend upon the yucca 
moth for pollination (page 165); the common clothes moth. Tinea pellioneUa (page 823), 
does thousands of dollars’ worth of damage each year; some other destructive forms are 
the codling moth, Carpocapsa pomonella (page 826), the gypsy moth, Porthetria dispar 
(page 824), the cabbage butterfly Pieris rapae (page 826). 

About 120,000 species. 

Order 21. Diptera (Gr. dipteros, two-winged). Flies^ mosquitoes^ gnats, midges. One pair of 
wings, the second pair being reduced to knobs or halters (balancers); many are wingless; 
mouth parts are sponging or piercing; young are called maggots (Fig. 284); three types of 
reproduction: by the usual method, eggs laid, oviparous; the young brought forth 
alive, ovoviviparous, as among the tsetse flies; the young produced by the larvae or pupae, 
as among certain of the gall midges, pacdogenesis (Gr. pais, child; genesis, origin), a 
type of sexual reproduction by the larval or embryonic stage rather than by the adult 
(Fig. 291). 

Many flies are animal pests, bot flies, screwworm flies, horseflies. Among the crop 
pesU are the Hessian fly, the cabbage and onion maggots. Many members of th^ 
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group transmit diseases. Mosquitoes, Anopheles quadrimaculatus (page 276); and other 
species, transmit malaria; Aedes aegypti, yellow fever (page 826); the tsetse fly, Glossina 
palpalis, transmits sleeping sickness. Other flies cause the formation of galls on plants. 
About 75,000 species. 



Fig. S91.<—Reprasentstives of tha insact orders, continued. (B. F. Edwards. The figures are 


not drawn to scale.) 


Order 22. Siphonapiera (Gr. siphon^ tube; apieros, wingless). The fleas. Wingless; mouth 
parts piercing, sucking; head small, legs adapted for leaping; metamorphosis complete; 
larvae slender, cylindrical, without legs or eyes; pupae without wings, enclosed in a 
eogQgli; #dult 9 Uge, eotoparasitic on warm-blooded animals. 
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The rat flea, Xenopaylla cheopia, transmits bubonic plague; the common cat flea, 
Ctenocephalua felis, also attacks dogs and man; the dog flea, Ctenocephalua cania, attacks 
cats and man; the human flea is Pulex irritana. 

About 400 species. 

Order 23. Hymenoptcra (Gr. hymen^ membrane; pteron, wing). Beea^ waapst ants. Typically, 
four wings, hind wings smaller, often hooked to the front pair; mouth parts chewing or 
sucking and lapping; female provided with an ovipositor modified as a sting. 

Some species have a system of poison glands, from which the venom is injected into 
a wound by the sting; sometimes the venom kills other insects and small animals receiv¬ 
ing it; in others it has a paralyzing effect, stupefying flies, spiders, caterpillars, or 
beetles upon which eggs are laid; paralyzed victims are sealed in and furnish food for 
the young when they hatch. 

Hymenoptcrans may be solitary, as .some wasps; or there may be a complex social 
life, as among the bees, wasps, and ants (Fig. 291). 

Some members of this order are pests; the rose slug, Cladius isomerua, a saw fly, the 
gall fly, Amphiholips^ responsible for oak galls, etc. An interesting form is the fig wasp, 
Blaatophaga psenes, which carries on the fertilization of the Smyrna fig. 

For the interesting habits of the Hymenoptera, the student is referred to special books 
on the subject listed at the end of this chapter. About 86,000 species. 

Note: For special methods of collecting and mounting insects, see Service Leaflet of 
General Biological Supply House 1. 


Questions 

1. Why would the grasshopper be spoken of as an unspecialized an^ the honeybee as a 
specialized type of insect.^ 

2. What is a locust.^ 

3. Compare the crayfish and the grasshopper with regard to appenchiges and the following 
.systems: digestive, circulatory, respiratory, excretory, nervous. 

4. Describe the sense organs of the grasshopper. How is the mosaic type of vision espe¬ 
cially u.seful? 

6. What type of metamorphosis is shown by the grasshopper.^ What other types are to 
be found among insects.^ 

6. What are some of the usual functions of the blood that are taken over by the tracheae 
in insects? 

7. Why is an insect egg said to have superficial cleavage? 

8. What are some interesting facts about the muscles of insects? 

9. How are sounds made by crickets? Katydids? Cicadas or locusts? 

10. Explain how the legs of the honeybee are wonderfully fitted for their work. Describe 
the sting, mouth parts, and wings of the bee. 

11. How would you distinguish the drone, the queen, and the wwker? 

12. To what is the difference in development of the worker and the queen due? 

18. Why may a drone be said to have a grandfather and grandsons but no father and 
no sons? 

14. What peculiarities are there in the fertilization of eggs by the queen? 

16. Describe several types of social life among insects. 

16. What special types of adaptations are found among insects? 

17. How would you tell a moth from a butterfly? A bug from a beetle? 

18. What insects are especially useful in pollinating flowers? 

19. Where are the “smell hollows** of a moth? 
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20. Many flies imitate bees in appearance. How could you be certain that a bee fly is a 
fly and not a bee? 

21. Define, as related to insects: trachea, spiracle, nymph, larva, naiad, ligula, pecten, 
auricle, proventriculus, entomologist, chitin, Malpighian tubule, ocellus, spermathecn, 
pupa, chrysalis, imago. 
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CHAPTER XXVn 


THE ARTHROPODA {Continued) 
THE ARACHNOIDEA 


Much like a subtle spider which doth sit 
In the middle of her web, which spreadeth wide; 

If aught do touch the utmost thread of it 
She feels it instantly on every side. 

—^SiR John Davies. 

I. Arachnoidea in General 

The Arachnoidea (Gr. arachne^ spider; form) group includes widely 
different forms: spiders, harvestmen, ticks, mites, scorpions, and king 
crabs. They are usually inconspicuous and are not easily seen. A few 
members of the group are aquatic, but most af them live on land or are 
parasitic on other animals. 


II. Classification 

In the following classification, three subclasses and three orders are omitted. 

Subclass I. Mebostomata (Gr. meroSf part; stomas mouth). 

Order 1. Xiphosuray King crab, Limulus. 

Subclass II. Arachnida (Gr. arachne, spider). 

Order 1. Scorpionida (Gr. skorpio, a scorpion), scorpions. 

Order 2. Pedipodpi (Gr. podos, foot; NL. palpus, a feeler), Tarantula, 

Order 3. Araneida (L. aranea, spider), spiders. 

Order 4. Phalangida (Gr. phalangion, a spider), harvestmen. 

Order 5. Acarina (Gr. akari, a mite), mites and ticks. 

ill. The King Crab 

The king crab, or horseshoe crab (order Xiphosura), is Limvlus! 
polyphemtii (Fig. 29£). It is a marine animal with book gills that 
similar to book lungs. They are leaf-like and are on the underside of the 
abdomen, exposed to the water. The Limvlua has no Malpighian tubules.. 
The food, chiefly worms and moHitsks, is held by the chelicerae and 
chewed by the bases of the walking legs. The lAmvltis comes to the shore 
to lay its eggs in the spring. These are buried in the sand along the shore. 

Liimdua is interesting because in some respects it resembles ih.e 
extinct trilnbites (Fig. 29S). 
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Fig. 293.— -A trilobitc, Trisrthnu Bcckf. (A) DoimI view. (B) Ventrel view. (After Beecher, 

from Zittel.) 
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IV. Scorpions 

Scorpions (order Scorpionida) resemble the crayfish in that their 
pedipalpi resemble the chelicerae of that animal. The body is more clearly 
segmented than that of most arachnids (Fig. 294). The flattened body is 
elongated and has a long, slender tail ending in a special stinging organ. 
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Fig. 294.—A scorpion, Hadrarut hlnulus. (Cootitty of U.S. Bureau of Entomology and 

Plant Quarantine.) 

This it carries bent over its back. Scorpions capture insects and spiders, 
and larger animals are said to be paralyzed by the poison from the sting. 

The young of the scorpions are born alive and are carried around on 
the back of the female for about a week; they then shift for themselves. 

V. The Spiders 

A. External Features.—^The spiders (order, Araneida) are the best 
known arachnids. They are easily distingubhed from the insects by the 
fa(;t that the body is divided into two parts instead of three and that they 
have four pairs of legs instead of three. In spiders, the cephalothorax is 
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joined to the nnsegmented abdomen by a slender waist. The legs are 
seven-jointed, the joints being the coxa, trochanter, femur, patella, tibia, 
metatarsus, and tarsus. There are claws at the ends of the tarsi, and 
between these is sometimes a pad of hair that enables the spiders to run 
on ceilings and walls. Sometimes the legs are modified to act as jaws. 

The mouth parts consist of a pair of chelicerae and a pair of pedipalpL 
The chelicerae are made up of two joints, the basal joint being the 
mandibley and the terminal daw, which is fang-like. In the mandibles 
are glands that secrete poison. This is injected into the prey of the spider 
through the openings near the tips of the fang-like chelicerae. The 
pedipalpi are mostly sensory. Their bases are called maxillae have 
six joints, and are used in handling food. While the spider is feeding, the 
bases of the pedipalpi can be brought together to squeeze the prey while 
the spider is sucking its juices. In the male, these pedipalpi are modified 
as copulatory organs. The mouth is between the bases of the pedipalpi. 

The eyes are simple, usually eight in number, and are situated in the 
front of the head. 

B. Internal Anatomy and Physiology. 1. Digestion. —^The spider 
does not eat solid food but sucks the juices of insects and other animals. 
This is accomplished by a sucking stomach controlled by muscles at¬ 
tached to the cephalothorax and to the stomach. The sucking stomach 
leads to a true stomach, which gives off five blind caeca at the anterior 
end. These are for absorption and digestion. The intestine passes from the 
stomach over the small waist and into the abdomen, where it is enlarged 
in two places. Into the first enlargement empty the hepatic ducts from 
the digestive glands or “liver,^’ which secrete a substance resembling the 
pancreatic fluid of the higher animals. Toward the posterior end is a 
second enlargement, the ^‘stercoral pocket” (relating to excrement). 
The Malpighian tubules empty into the intestine near the end. 

2. Circulation. —^The circulatory system consists of a heart (lying 
in a pericardial sinus and located above the intestine), arteries, veins, and 
sinuses. The blood enters the heart through the ostia. These have valves 
that direct the flow toward the anterior end and into the cephalothorax. 
It circulates then in the sinuses, through the tissues, and finally again 
reaches the pericardial sinus and from there enters the heart. 

S. Respiration. —In the arachnids are special respiratory organs, 
two sacs or book lungs. These consist of 15 or ^0 leaf-like folds supplied 
with capillaries through which the blood circulates on its way back to the 
heart. There are also branching tubes, or tracheacy in the posterior part 
of the abdomen, but they do not play a large part in respiratory activities, 

4. Excretion. —^In addition to the Malpighian tubulesy which are the 
main excretoiy organs, spiders may have rudimental cozal glands that 
are homolo|^ua with the green glands of the crayfish.. 
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5. Coordination. —^There is a dorsal bilobed brain connected with a 
ventral esophageal ganglion. Nerve branches go from these to all parts 
of the body. This nervous system represents a greater condensation than 
any nervous system mentioned to date. 

6. Reproduction. —The sexes are separate, and fertilization is 
internal. The male is much smaller than the female and is said to be 
devoured sometimes by her after mating. The female has a pair of ovaries 
in which the eggs are formed, and the male has a pair of testes in which 
the sperm are developed. In the male the pedipalpi are specially modified 
and are used to transfer the sperm to the seminal receptacle of the female. 
The eggs are laid in a silken cocoon that the female may carry around 



Fis. 295.—(A) A nonpoisonous spider, Epeira. (B) A poisonous spider, tarantula, Seri* 
copelma communis. (Courtesy of U.S. Bureau of Entomology and Plant Quarantine.) 

with her or attach to some object. If the yoimg do not leave their cocoon 
promptly, they may eat each other! The young spiders look like miniature 
adults, though they must molt to grow. There is no metamorphosis. 

7. Special Senses. —^The simple eyesy usually eight, have been 
mentioned. Spiders appear not to be able to see distinctly more than 
4 or 5 in. The sense of touch seems well developed, especially on the 
pedipalpi. 

C. Spinning Activities.—^Though all spiders do not make webs, the 
production of silk is one of the most characteristic activities of the group. 
They may use the sUk for the making of cocoons, webs, traps, lining of 
burrows, or they may surround their struggling prey with silken threads. 

The three pairs of spinnerets may have hundreds of microscopic 
openings, through which the secretion from the silk glands emerges. 
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When the substance reaches the air it hardens, forming the fine silk 
threads. In the making of webs, two types of thread are used: a dry, 
inelastic type, which, in some cases, as in the orb type of web, is used for 
the framework, and a second type, which is viscid and elastic and which 
is used to make the spiral threads. Spiders let themselves slowly down 
from high places by spinning out a thread. They make various types of 
traps for insects and many kinds of webs. 

D. Some Interesting Spiders.—^There are many interesting types of 
spiders. The jumping and running spiders do not build webs but conceal 
themselves and prey upon insects. They do make cocoons to protect 
their eggs. Crab spiders hide in flowers in wait for insects. 

The trap-door spider makes a hole in the ground, lines it with silk* 
and closes it with a hinged lid, which it covers with material like its 

surroundings. The burrow is a safe retreat for 
the little animal. 

The native spider that is most harmful 
is the black widow, Latrodectus. The female 
is about in. long and is coal black, except 
for a bright red hour-glass patch on the under 
side of the abdomen (Fig. 296). 

Figure 295JS shows the famous tarantula, 
a very hairy arachnid that lives in warm 
climates. Sometimes it is classed with the 
spiders, sometimes placed in the order 
Pedipalpi. It is often carried around in 
bunches of bananas and has a bad reputation 
for having a poisonous bite. It can kill 
birds and small mammals with its bite, but it apparently does not kill 
man. 

E. Importance of Spiders.—Few spiders are harmful, and most of 
them are beneficial because they devour unnumbered destructive insects 
every year. Because they are inconspicuous, their interesting habits are 
usually overlooked by the layman. 



Fis. 296 .—^Thc blaclc wid¬ 
ow spider, Latrodectus mac- 
tans. (Dr. E. H. Runyon.) 


VI. Harvetimen 

Harvestmen (order Phalangidae), or daddy lon^egs, are familiar 
forms in the woods. They get their name from the fact that they are in 
evidence at harvest time. They may be distinguished from spiders by 
their long legs, segmented abdomen, and the absence of a waist. If one 
tries to catch a harvestman, the legs seem to be shed very easily, prob¬ 
ably an adaptation for getting away. 
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Vil. Mites and Ticks 

Mites and ticks (order Acarina) are mostly small creatures with the 
head, thorax, and abdomen fused together^ They are mainly parasitic 
forms. 

Mites may be pests that feed upon flowering plants as well as fruit 
and forest trees, as the brown mites and red spiders; others may feed upon 
decaying animal and vegetable matter. Other mites cause the formation 
of galls and diseases of leaves. Still others live in the sebaceous glands and 
hair follicles of domestic animals and man. The human itch mite, Sar- 
coptes scabiei, can be very annoying. Red bugs, or chiggers, Trombicula 
irritans, also attack man. 



Flj. 297 .—•T«m( cattle tick, Boopbiius, (he vedor for (he prolozoen perufte, Pireplenna 
biseminum, which cauics Tcms ce((le fever. (Herim.) 

Ticks are important because they transmit several diseases. In the 
family Argasidae, a tick (Argos persicus) transmits fowl spirochaetosis, 
and another (Omiihodorus moubaia) transmits African relapsing fever, 
or tick fever in man. In the family Ixodidae is found a tick [Margaropus 
(Boophilus) annulcUus] (Fig. 297) that is the carrier of Texas cattle fever 
and another (Dermaoentor andersoni) that transmits Rocky Mountain 
spotted fever in man. 

VIII. Other Arechnoidee 

In the arachnoid group are often included the water bears, or Tardi- 
grada, ciuious animals with segmented bodies and short, thick legs. Also, 
sea spiders, or Pycnogonida, which live among the Algae and hydroids 
of the sea. 


IX. Importance of Arechnoidee 

Although it is true that the spiders destroy many beneficial insects, 
they are benefactors in destroying many harmful ones. As has been 
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pointed out, plants are attacked by mites, and mites and ticks transmit 
several important diseases to domestic animals and man. 

X. Bioiosical Advances Shown by the Arthropods 

1. Tendency toward cephalization. Although the nervous system 
is of the annelid type, there is a pronounced tendency toward fusion of 
ganglia and localization of control in the head region. 

Higher development of the sense organs. 

3. Paired and jointed appendages. Variety of appendages makes for 
variety of action. 

4. Well-developed exoskcleton. 

5. Greater specialization of segments. 

6. Gill and tracheal respiration. 

7. Green glands. 

8. Specialization in the alimentary canal, which is divided and 
modified. 

9. High development of social life and instincts; primitive intelli¬ 
gence in the higher insects and spiders; limited power of learning in the 
crayfish. 

10. Development of protective-coloration, ‘^mimicry,”etc. (page 769). 

11. All gradations of metamorphosis. 

Questions 

1. How can you tell a spider from an insect? 

2. Are the eyes of spiders like those of insects? 

3. How is “spinning” done by spiders? Do all spiders spin webs? 

4. Are many spiders poisonous? Describe two that are poisonous. How can you easily 
identify a black widow spider? 

5. Why must the young spider molt to grow? Is there a metamorphosis among spiders? 

6. What are some interesting breeding habits among spiders ? 

7. What human disease is transmitted by the itch mite? 

8. What diseases are transmitted by ticks? 

9. What are “chiggers”? 

10. Why is the LimiUus an interesting form? What extinct form does it resemble? 

11. Define: stercoral pocket, book lung, cephalization. 

12. What are the main biological advances shown by the arthropod group? 
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CHAPTER XXVIJI 

THE CHORDATA 


The Chordates (Gr. chorde, cord) (page 86) include th% best known 
animals, as well as some obscure forms known only to zoologists. Some 
of these obscure animals are very small, burrowing colonial forms, but 
the group includes the largest as well as the most complex animals that 
exist. Fish, amphibians, reptiles, birds, and mammals all belong here. 

I. Characteristics of the Groups 

Three distinct characteristics set the chordates apart from all other 
animals and also group the very widely diflFerent forms together. These 
are: (1) The notochord^ a supporting rod dorsal to the alimentary tract 
but ventral to the nerve cord. In the lower forms it is a stiff axial rod that 
is present throughout life; in the higher forms, it is present in the embryo 
but is replaced by other structures in the adult. (2) A series of paired 
slits in the pharynx (also in the body of some), known as the pharyngeal 
clefts or giU slits. This is an efficient method of providing for respiration, 
for the gills are placed in direct contact with water. In the higher forms, 
they appear in the embryo only and are not fimctional, being replaced 
by other structures. (3) The dorsaUy placed tubular nerve cord, formed 
from the ectoderm. At first it is a fiat plate of cells. This sinks somewhat, 
and the outer edges roll up and fuse to form a tube. The cavity is the 
neurocoele. In the higher vertebrates, the anterior end of the cord is 
expanded to form the brain. The formation of this tube makes possible 
a greater centralization or association of the ganglionic masses and 
permits an increase in the number of nerve cells. 

In addition to these three characteristics, the Chordata, especially 
the vertebrates, have an endoskeleion that allows greater freedom of 
movement, although it does not give so great a leverage to muscles as 
the exoskeleton of the arthropods. Another advantage of the endoskeleton 
is that it can be added to as the animal grows. With the arthropods 
there has to be a periodic molt of the exoskeleton. The development of 
the endoskeleton made possible the size developed by some vertebrates. 

Metamerism is present in the chordates, though it tends to be obscured 
to some extent. 

There are about 70,000 species of chordates. 

4te 
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il. Classification 


Subphylum I. Hemichordata^ (Gr. hemiy half; chorde, a cord) or Adclochorda (Gr. adelos, 
concealed; chordey cord). Mar ij^p w orm-like animals whoso relationship to the chordates 
is questionable. 

There is a tubular, hollow, notochord; BaI,anoglo8suSy (Jephalodiscusy Rhabdopleura, 
Subphyllum II. Urochordata^ (Gr. owra, a tail; chordCy cord), also called Tunicaia (L. tunica 
a tunic) and a^cidians (Cir, ashosy bag). Salt water forms with scale-like coverings (tunics). 

The larva resembles a tadpole. A notochord is present in the tail of the larva; tunicatesy 
Salpa. 

Subphyluin III. Cephalochordata^ (Gr. kephalcy head; chordcy cord). I'ish-likt^ aniinr.l 
chordates. 

Body is segmented, and notochord extends from the anterior tip to the tail; AmpMoxus, 
Subphylum IV. Vertebrata (L. vertebra^ a joint) or Craniaia (Gr. hranioriy a cranium or 
head). All vertebrates have a notochord at some stage of development, though it is 
replaced by an axial skeleton in the higher forms. The skeleton is internal. There is a 
hollow central nervous system expanded at the anterior end to form the brain and a true 
body cavity or coelom. Fishy amphibianSy reptUeSy birds and mammals. 


A. The Protochordates or lower Chordates.—lentil recently, the 
hemichordates were considered to be worms and were classed with the 
annelids, whereas the tunicates were placed in a group by themselves 
and classed with the invertebrates. The Amphioxus of the Cephalo- 
chordata, however, has been long recognized as having vertebrate 
characteristics. 


1. Balanoglossus. —This worm-like animal may be taken as an 
example of the Hemichordata. It burrows in the mud and feeds some¬ 
what like the earthworm by passing earth through its body and taking 
out organic matter for food. It varies in length from 6 to 10 in. The body 
is divided into three parts, a proboscis or anterior portion, a collar, which 
is ring-like, and a metameric trunk. The mouth opens just in front of the 
collar. There are a dorsal nerve cord and a large number of pharyngeal 
slits. The inclusion of this annelid-like form in the chordates rests upon 
the fact that there is a flexible cellular rod extending into the j^roboscis 
from the dorsal wall of the alimentary canal. This stiffens the proboscis 
and aids the animal in its burrowing. It is considered to be a notochord, 
though some authorities doubt that it is a true notochord. Figure ^98^1 of 
Dolichoglossm is much like Balanoglossm, The larva of Balanoglossus^ 
the tornaria larva, resembles the echinoderm larva in some respects 
(Fig. M7). 

2. Tunicates, representatives of the Urochordata, may be either 
free-swimming or fixed forms, though most of them are fixed in the adult 
stage (Fig. 298B). They are salt-water forms and have a sac-like covering 
or tunic that contains cellulose, unusual in the animal kingdom. One 
of the common names for the tunicates or ascidians is “sea squirt,” 
so named because when it is stimulated it throws water some distance. 


^ Also spelled Hmichorda, Urochorda, Cephalochmda. 
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The development of the tunicates reveals its chordate characteristics 
(Kowalevsky, 1866). The larva, resembling the tadpole of a frog, has a 
notochordj a neural tube in the tail, and a pharynx that opens to the 
exterior by gill slits. The larva is free-swimming but settles down, 
secretes a sticky fluid by which it becomes attached to some object, and 
undergoes metamorphosis to form the adult characters. Some of the 
tunicates are brightly colored. 
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F 23 . 298.—Representatives of the lower Chordata. (A) Acorn worm, Dolichoslossus. (After 
^teson.) (6) A tunicate, Ciona. (C) Diagram of Amphioxus. (F. A. Baker.) 


A typical tunicate is attached and is surroimded by a tunic. It has 
two openings at the anterior end, a mouth opening, also called the 
incurrent siphon^ into which the current of water passes, and an atrial 
opening or excurrent siphon through which the water escapes to the 
outside. The current of water brings in food, oxygen for respiration, and 
takes away wastes. The food consists of microscopic plants and animals. 
Near the mouth is a sensory sieve, or velum^ through which the food 
must pass. In the pharynx is a groove, the endostyle, which secretes 
mucus and in which the food is entangled. The alimentary canal is 
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U-shaped and opens into the atrial cavity. The nervous system consists 
of a single ganglion, the brain, which lies between the branchial and 
atrial tubes. 

The animals are hermaphrodites and possess both male and female 
reproductive organs, though cross-fertilization is the rule. Fertilization 
takes place in the water, and the animals develop into the tadpole larvae. 
Reproduction may also take place by budding, and in some forms colonies 
may be formed having a common tunic. Few chordates form colonies. 
There may be also another retrogressive feature, alternation of genera¬ 
tions, one generation reproducing sexually by the formation of sperm and 
eggs and the next asexually by budding. 

S. Amphioxus. —The best known example of the Cephalochordata 
is Amphioxus^ Branchiostoma lanceolatus (Fig. 298C), sometimes called 
the lancet. It exhibits the characteristics of the chordates in a simple 
way and is probably similar to the ancestors of the vertebrates. 

a. Ilahitat,—Amphioxus is found along the sandy shores in warm 
climates. It burrows in the sand headfirst, but when at rest it leaves the 
anterior end exposed. Sometimes it leaves its burrow at night or in the 
breeding season and swims about by lateral movements of its body. 

b. External Features,—Amphioxus has no distinct head and no lateral 
fins. x41ong the entire length of the body is a dorsal fin. This widens at 
the posterior end to form the caudal fin^ which extends forward on the 
ventral surface about one-third the length of the body and forms the 
ventral fin. These fins are strengthened by fin rays^ which are rods of 
connective tissue. In front of the ventral fin, the ventral surface of the 
body has two metapleural folds, sometimes called the forerunners of 
lateral fins. The anterior end of the body is expanded into an oral hood, 
fringed with sensory tentacles, and on the inner surface are ciliated ^ 
bands that form the tvheel organ, which creates a current of water leading 
to the mouth. The mouth opens on the ventral surface of the oral hood 
and the anus beside the ventral margin of the caudal fin. Just posterior to 
the metapleural folds is the atrial opening, through which water used in 
respiration passes to the outside. 

c. Internal Anatomy and Physiology, (1) Digestion. —The food of 
Amphioxus, consisting of minute organisms, is brought to the mouth 
in a water current created by the wheel organ. The mouth opening is 
in a membrane, the velum. It may be closed by the muscles in the velum. 
The velum has 12 tentacles that may fold across the mouth and act as a 
strainer. The mouth leads into the large pharynx, which has clefts in its 
walls. The number of these clefts varies from 50 to 90 pairs with the 
species of Amphioxus, Surrounding the pharynx and other visceral 
organs is the atrial cavity. The ciliated hypobranchial groove is in the 
roof of the pharynx, and on the floor is the the endostyle, which functions 
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as in the tunicates by secreting mucus in which food organisms are en¬ 
tangled. The cilia drive this mucus containing food particles forward by 
way of two peripharyngeal grooves to the hypobranchial groove, whose 
cilia move the mass back to the intestine. A finger-like diverticulum of 
the liver, the hepatic caecum, secretes a juice containing digestive 
enzymes and empties it into the intestine. The intestine is a relatively 
straight tube in which the food is digested. Digested food is also absorbed 
from the intestine. The intestine leads to the anus. 

(2) Circulation. —There is no heart in Amphioxm, the blood being 
moved by contraction of the blood vessels. By contractions of the ventral 
aorta, the blood is moved to the afferent branchial arteries in the. gill 
bars, where it is aerated. It then passes back through the efferent bran¬ 
chial arteries to the paired dorsal aortae and then to the median dorsal 
aorta and then by way of intestinal capillaries to the subintestinal vein. 
The subintestinal vein collects blood loaded with absorbed food from the 
intestine and continues to the liver as the hepatic portal vein. It collects 
blood from the liver and continues forward as the ventral aorta. The direc¬ 
tion of blood flow, backward in the dorsal aorta and forward in the ventral 
vessel, is just the opposite from that of the earthworm and the crayfish 
(page 361), but like that of the vertebrates. 

(3) Respiration. —Water taken in at the mouth passes through the 
gill slits in the pharynx to the atrial cavity and out of the atriopore. 
The atrial cavity is not a part of the body cavity, as is shown by the fact 
that it is lined by ectoderm. The gill slits, which are ciliated, are supported 
by chitinous rods and arc separated by gill bars. These gill bars contain 
the blood vessels, and the gills on the faces of the bars are ciliated. 
When the water passes through the gill slits it delivers oxygen to the blood 

#in the capillaries, and absorbs carbon dioxide from it.'The oxygen is dis¬ 
tributed to aU the tissues of the body by the blood. 

(4) Excretion. —Ciliated nephridia, similar to those of the earth¬ 
worm, are near the dorsal region of the pharynx. These connect the 
dorsal coelom with the atrial cavity. 

(5) Coordination and special senses. —Amphioxua has a dorsal 
nerve cord above the notochord. There is a minute canal in this cord, and 
it is expanded at the anterior end into a cerebral vesicle or rudimentary 
brain. In young specimens, there is an olfactory pit opening into this 
vesicle. Near the anterior end is a pigmented mass of cells forming an 
eyespot. There are also smaller pigmented bodies along the nerve cord. 
Two pairs of sensory nerves from the cerebral vesicle supply the anterior 
region of the body, and the nerve cord gives off branches on opposite 
sides that alternate with each other. These are (1) dorsal nerves that pass 
to the skin and that have a sensory function and (£) ventral nerves that 
go to the myotomes and that have a motor function. In addition to the 
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organs of special sense mentioned above, there are sensory cells in the 
ectoderm, on the cirri, and on the velar tentacles. 

(6) Support and motion. —^The notochord furnishes a well developed 
axial support. It is near the dorsal surface and extends the length of the 
body. The fin rods and the supporting structures of the oral hood are 
other skeletal elements. 

(7) Reproduction. —The sexes are separate, and there are 26 pairs 
of gonads (R. lanceolatus) projecting into the atrial cavity at th^ base 
of the metapleural folds. Early summer is the breeding season. When the 
germ cells are mature, they break out of the gonads into the atrium and 
are carried out through the atriopore. Fertilization takes place in the 
water. The eggs of AmphioxiLS are regular in their development (page 684). 
Following the cleavage divisions is the formation of the blastula or hollow- 
ball stage, the infolding to form the gastrula, which develops into a free- 
swimming larva. This develops without metamorphosis. 

B. The Vertebrate Groups. —^The characteristics of the vertebrates 
have been mentioned (page 430), and the frog has been described fully 
as a vertebrate type (Chap. XVII). It is sometimes convenient to study 
this animal as an introduction to the study of animal biology in general; 
sometimes it is used at the end of the course. An abridged classification of 
these groups will be found in Chap. VII, and more detailed descriptions 
in Chaps. XXIX to XXXII, which are devoted to a study of these 
important animals. 

Oueitionf 

1. What are the distinguishing characteristics of the Chordata? 

2. Is there any advantage of an endoskeleton over an exoskeleton? 

3. What are the four subphyla of the Chordata? 

4. Describe briefly a representative of each of the three lower subphyla. 

5. Why is the Amphioxust often used in the study of a primitive Chordata? 

6. Name the vertebrate groups. 

Sussested Reference 

Walter, H. E.: “Biology of the Vertebrates,” Chap. II, The Macmillan Company, 19S». 



CHAPTER XXIX 

CyCLOSTOMATA AND PISCES 


Third Fisherman. Master, I marvel how fishes live in the sea. 

First Fisherman. Why, as men do aland; the great ones eat up the little ones. 

—Shakespeare. 


I. Hagfish and Lampreys 

A. General Features.—^The hagfish and lampreys are primitive 
vertebrates: The most prominent characteristics of these animals are a 
sucking mouth and the lack pf jaw s apd teeth. They have no scales, are 
leatheiy In appearance, and have no paired appendages. The mam body 
support is the notochord, though there is some cartilage in the skeleton. 
There are seven or more gill slits and a .single olfactory pit (Fig. 29M). 

Hagfish, or myxinoids, secrete slime and if confined in a small space 
may secrete a quantity. They feed upon either living or dead fish, com¬ 
pletely destroying all except the skin and skeleton. 

Lampreys live in both fresh and salt water and are predaceous. 
They have the impleasant habit of attaching themselves to a living fish, 
lacerating it with the sharp end of the chitinous tongue, and sucking the 
blood and other body fluids. They are able to hold on by the sucker-like 
mouth and chitinous teeth. If the fish is not killed, it has an open sore 
that is easily infected and so may die. The larva is called ammocoetes. 
It has some features resembling Amphioxus, an oral hood and an endo- 
style. In the adult, the endostyle becomes the thyroid gland. 

B. Classification. 

Class I. Cyclostomata (Gr. hjhloa, circle; stomas mouth). Slender, eel-like vertebrates but 

with a sucker-like mouth. 

Subclass 1. Myxinoidea (Gr. myxtnoa, slime fish; eidos, form). The hagfish. 

Subclass 2. Petromyzontia (Gr. petra^ a stone; myzontoSt sucked in). The lampreys. 

The lampreys are often called the lamprey eels, though true eels 
belong to the bony-fish group, the Pisces. 

C. Importance of the Cyclostomes. 1. Biological. —Biologically, 
the cyclostomes are important as primitive vertebrates. The amphioxus- 
like characters of the lamprey larva mentioned above are interesting as 
showing possible common ancestry of the Cephalochordata and the 
Cyclostomata. The cyclostomes are more primitive than other verte¬ 
brates, as shown by the condition of the brain, the large number of gill 
slits, and the functional pronephros (primitive kidney) in the adult. 
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2. Economic Importance. —^Hagfish are a serious menace to food 
fish and are, therefore, considered pests. They are not usually used as 
food by man. 


II. Pisces 

A. Classification. 

Class II. Pisces (L. piscis, fish). 

Subclass 1. Elasmobranchii^ (Gr. elasmm, metal plate; L. hranchia, gill). Sharks, skates, 

rays. 

Subclass 2. Osteichthybs (Gr. osteon, bone; icthys, fish). 

Order 1. Dipnoi (Gr. di, two; pneo, breathe). Lungfish. 

Order 2. Teleostei (Gr. teleos, complete; osteon, bone). Familiar fish, perch, trout, 
salmon, goldfish. 

B. Elasmobranchs. 1. General Features. —Elasmobranchs re¬ 
semble bony fish in that they have paired fins and fish-like gills and 
arches. The skeleton is of cartilage; scales are of the placoid type; there 
is a spiral valve in the intestine. The dogfish shark is the type usually 
selected for study in biology laboratories (Fig. 299B). In a general course 
of biology, however, there is rarely time for intensive study of this form. 
The dogfish shark is a somewhat generalized vertebrate and is easily 
dissected. On account of the cartilaginous skeleton, the brain and spinal 
cord are easily exposed for study. Elasmobranchs are often placed in a 
separate class instead of in a subclass. 

The Dogfish Shark, a. Habitat . —^Dogfish sharks are mostly 
marine, though there are some fresh-water forms. Two types are common, 
the spiny dogfish, Squaliut acanthiaSy so named on account of the spines 
in front of the dorsal fins, and the smooth dogfish, Mustelus canis . There 
are slight differences between the two. 

b . External Features. (1) Body form and exoskeleton. —The body 
of the dogfish is fusiform, or spindle-shaped (Fig. 299JB). The head, 
trunk, and tail are not sharply separated from each other. The trunk 
and tail are provided with fins for locomotion. There is an exo¬ 
skeleton made up of tiny placoid scales, each with a small spine. Along 
each side of the body is a lateral line that has the function of detecting 
vibrations in the water. 

(2) The head. —^The pointed extremity of the head is the rostrum. 
Jaws are present on the mouth, which is ventrally placed. Teeth are on 
both jaws, arranged in diagonal rows. The nostrils open on the ventral 
side of the rostrum. On each side of the head are the oval eyes, and there 
is an ear behind each eye. Six gill slits are present, the first being modified 
as a spiracle. These communicate with the pharynx. Water enters the 


^ Often placed in a separate dass. 
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mouth and escapes through the gill slits. Mucous canals, embedded in 
the skin, open on the rostrum and adjacent parts of the skin. 

(3) Fins and tail. —Two types of fins, unpaired median fins and 
paired lateral fins, are present. There are two dorsal unpaired fins, an ante¬ 
rior and a posterior dorsal fin, a ventral fin (present in the smooth dogfish 
only), and a tail fin. The caudal fin in the elasmobranchs is asymmetrical 




Fis. 299.—(A) Lamprey, Petromyzon marintis. (B) Spiny dosftsh shark, Squalus acanthias, 
(C) Sting ray, Dasyatis hastaia. (F. Baker.) 

the tail bending up into the narrow dorsal lobe (Pig. 2995). This is known 
as a heterocercal tail. The two pairs of paired fins correspond to the limbs 
of the land vertebrates, the anterior pair, or pectoral fins, just behind the 
gill slits and the posterior pair, or pelvic fins, at the junction of the trunk 
and tail. In the male, the pelvic fins may be modified to form claspers^ or 
copulatory organs. The anus or doacal aperture is between the pelvic 
fins. 
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c. Internal Anatomy and Physiology. (1) Digestion, — ^The mouth 
opens into the pharynx, having in its walls paired gill slits and a pair of 
spiracles. The pharynx leads into a short esophagv^, which opens into the 
U- or J-shaped stomach. At the posterior end, the stomach joins the 
intestinef which has the following regions: the duodenum and ileumy fol¬ 
lowed by the colon and rectum^ which opens into the cloaca^ a sort of 
general vestibule, since the gonads and kidneys also open into it. The 
cloaca opens to the outside through the anus. Between the stomach and 
the duodenum is a pyloric valve^ and in the ileum is a spiral valve (Fig. 300), 
which prevents the food from passing through too quickly and increases 
the secreting and absorbing surface. A threc-lobed liver is present, and its 
secretion, the hile^ is stored in a gall bladder until it is emptied into the 
duodenum through the bile duct. A pancreas lies in the bend of the 
stomach, and its duct also enters the duodenum, not far from the bile 
duct. The rectal gland- empties into the large intestine. 



< - 

Fig. 300.—-Spiral valve of a ray. The arrow shows the direction in which the food passes. 

(From Wieman, General Zoolosy.) 

(2) Circulation. —Reference to Fig. 301 shows the principal blood 
vessels. The heart is a single tube, bent upon itself in the form of the 
letter S, lying in the pericardium beneath the pharynx. It has four well- 
established regions: the dorsal auricle, the ventral ventricle, with the conus 
arteriosus leading from it, and the sinus venosus. The sinus venosus is the 
collecting organ for the venous blood; into it empty four large vessels, 
the right and left ducts of Cuvier, and a pair of hepatic veins, which 
lead into it directly from the liver. The blood enters the heart by way of 
the sinus venosus, passes to the auricle and then into the muscular 
ventricle, which contracts and sends it into the conus arteriosus. From 
here it goes into the ventral aorta, which gives oflE paired branches to the 
gills, the afferent branchial arches. These break up into the capillaries 
of the gills, which are collected into the efferent branchial arches, and 
here the blood is oxygenated. It is collected through capillaries into the 
efferent branchial arteries, which pass to the dorsal aorta that they form. 
An extension of the dorsal aorta going to the brain is the internal carotid 
artery. The dorsal aorta gives off branches that go to all the various parts 
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ouovu,,.™, \ \^hepatic VEIN 
SUBCIAVIAN ARTERY--*- '^-LATERAL VEIN 

FI 9 . 301.—Diasram showins the main arteries and veins of the dogfish shark. The arteries, except the ventral aorta, and the afferent branchial 

arteries, are in outline; the veins in solid black. (F. A. Baker.) 
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of the body. Thus it will be seen that the oxygenated blood does not 
return to the heart, as in the higher animals, and that only venous blood 
goes through the heart. Some of the arteries given off by the posterior 
extension of the dorsal aorta are the subclavian arteries to the pectoral 
fins, a large coeliac artery that branches to form the gastric and hepatic 
arteries, the superior mesenteric artery to the intestine, the inferior 
mesenteric to the gonads, the ^(^nal artery to the kidneys, the iliac to 
the pelvic fins, and the caudal artery to the tail. 

The venous system is complex and carries the blood from the capillaries 
to the great sinus venosus. Paired anterior cardinal sinuses or veins 
bring the blood from the head; paired posterior sinuses bring the blood 
S’rom the posterior;rthcse <*ardinal veins join to form the common cardinal 
veins, or ducts of (Juvier, which enter the sinus venosus. Other veins 
from the anterior are paired internal jugulars, from the pectoral fins, 
paired subclavians; from the posterior, paired lateral abdominal, smaller 
paired cutaneous, and the paired hepatic. There are two portal systems. 
(A portal system is a capillary system interposed in the course of a vein.) 
From the alimentary tract, a large subintx^stinal vein, loade^l with food, 
goes to the liver. This is the hepatic portal system. In the liver glycogen, 
a reserve food, or animal starch, is deposited. The capillaries collect the 
blood and takeit to the hepatic veins, which empty into the sinus venosus. 
The renal portal system consists of a large caudal vein, which branches to 
send h vein on the outermost side of each kidney. The blood circulates 
through the ki<lney and w^astes are removed. This blood is then collected 
by capillaries, w hich form the renal veins, and these in turn empty intothe^ 
posterior cardinal veins, w hich carry the blood forw’ard as described above. 

(3) Respijiation. —(fills are the main respiratory organs. They are 
folds of mucous membrane well supplied with capillaries. Water entering 
the mouth i)asses between the branchial arches and out through the gill 
slits. The gills are elaborately branched. As the water bathes them, the 
blood in the capillaries takes up the oxygen dissolved in the water and 
gives up the carbon dioxide w ith which it is loaded. The oxygenated blood 
is collecte<l by the capillaries of the efferent branchial arteries, passes 
to the dorsal aorta, and is distributed to all parts of the body. 

(4) Coordination, (a) Nervous Coordination.—The brain is better 
developed than in the cyclostomes. Two very large olfactory lobes are 
conspicuous features. There is a small cerebrum of two hemispheres, a pair 
of optic lobes, and a cerebellum, which projects backward over the medulla 
oblongata. Ten pairs of cranial nerves are present, as well as a spinal cord. 
The spinal cord is protected by the vertebral column, and paired spinal 
nerves arise from its sides. 

(b) Chemical Coordination.—^The endocrine glands as chemical 
regulators are characteristic of the higher vertebrates, and it is more 
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convenient to study them in forms in which their function is known. It 
is interesting to note, however, that endocrine glands are present in the 
dogfish. The interrenal bodies and the suprarenal glands^ which unite to 
form the adrenal gland in the higher vertebrates^ are separate in the 
dogfish. The other glands present are the thyroid^ thymus, pineal, pitui¬ 
tary, pancreas, and the spleen, which is sometimes considered as having 
functions of an endocrine nature. Little is known of the functions of these 
glands ill the dogfish. The olfactory organs are a pair of nasal sacs, which 
open beneath the snout. 

(5) Special senses. —The eyes are well developed and may be rotated 

in any position by six muscles. The structure of the eye corresponds, in 
general, with that of the vertebrate eye. ^ 

A system called the lateral-line system runs along the body from 
the head to the tail. It opens at intervals by pores, and at intervals 
there are special lateral line sensory organs. The laierabline system is 
supposed to be able to detect low-frequency vibrations in water. 

Tiny sense organs, pit organs, or ampidlae of Lorenzini, are scattered 
over the body. T'hey are probably a part of the same system as the lateral 
line organs and the ear. 

The ears are described by some authorities as specialized lateral-line 
organs. They lie in the auditory capsules and consist of\a membranous 
labyrinth and three semicircular canals. Each communicates with the 
exterior by a long tube and a small pore, the endolymphatic duct. The 
canals have swellings at the bases, the ampullae in which the organs of 
balance lie. The ears, in addition to being organs of equilibrium, may be 
able to detect high frequency vibrations. 

(6) Support and motion. —The endoskeleton of the Dogfish and 
other sharks is of cartilage. The skull and vertebral column form the 
axial skeleton: the jaws and gill arches the visceral skeleton; and the fins 
and the pectoral girdles that support them, the appendicular skeleton. 
The vertebrae are said to be amphicoelous (Gr. amphi, both; koilos, 
hollow). They are hour-glass shaped and are deeply concave at each end. 
Between the vertebrae are permanent remnants of the notochord. The 
fins and the tail are the organs of locomotion. The segmented myotomes 
are W-shaped and are separated into dorsal and ventral portions. The 
muscles are modified in the regions of the paired fins, mouth and gills. 

(7) Reproduction and excretion. —In the cyclostomes, the 
kidneys and the reproductive organs are quite separate; in the dogfish, 
they are closely associated and combined into the urinogenital system, the 
gonads having appropriated some of the tubules of the kidneys. Paired 
kidneys are dorsally situated in both sexes, 

(a) Male Urinogenital System.—In the male, there is a pair of 
testes, dorsally situated, each with a mesentery, the mesorchium. In the 
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smooth Dogfish, they are long slender bodies, more or less fused, sup¬ 
ported by a single mesorchium. From the testes, a number of small 
tubules, the vasa efferentia, lead to the anterior mesonephric tubules and 
into the Wolffian ducts, which are the vasa deferentia or sperm ducts. 
These convey the sperm to an enlarged portion at the posterior end of the 
ducts, the seminal, vesicles, which open into the cloaca through the 
genital papilla. The lower part of the mesonephros is concerned with 
excretion only. Ureters lead from the kidneys or mesonephroi to the 
Wolffian ducts, also, so that these ducts, for a short space, carry both 
urine and sperm. The other mesonephric ducts, the Mullerian ducts, are 
much reduced in the male. 

(6) Female Urinogenital System.—The female spiny dogfish has a 
pair of ovaries, each suspended by a mesentery, the mesovarium. In 
the smooth species, the ovaries are long and slender, more or less fused, 
and extend the whole length of the eotdom. There is a single mesovarium 
in this species for the two ovaries. 

In the female, the Mullerian ducts arc enlarged to form the oviducts, 
which may be enlarged in the region of the shell gland and at the posterior 
end as a uterus. The Wolffian ducts are purely excretory and lead* from 
the kidneys to an enlarged portion, the urinary sinus, which empties 
through a urinary papilla into the cloaca. 

The oviducts are joined beneath the esophagus at their anterior ends 
and have a single opening, the ostium, which is ciliated. Some sharks 
lay eggs that receive a protective horny covering secreted by the shell 
gland before they are laid. The dogfish shark is ovoviviparous; i.e,, the 
eggs hatch in the body of the mother, but the young are not attached to 
a placenta (page 694). The sperm are transferred to the oviducts of the 
female by the male during copulation with the aid of the modified pelvic 
fins, the claspers. 

The eggs rupture from the ovaries into the body cavity and find 
their way into the oviducts through the ciliated ostium. They are fertilized 
in the anterior part of the oviduct. The fertilized eggs develop in the 
uterus, which is the expanded lower portion of the oviduct, the young 
being nourished by the large amount of yolk in the eggs. The little dog¬ 
fish are called and shift for themselves after they leave the body 

of the parent. 

(8) Coelom. —The coelom of the abdominal region is almost com¬ 
pletely cut off from the cavity of the pericardium by the transverse 
septum, the two coeloms communicating by small canals. 

3. Sharks in General; Skates and Rays. a. Sharks .— There is a 
great variety of sharks, the whale shark being the largest fish known, 
reaching a length of 50 ft, or more. Some of the sharks lay eggs instead 
of being ovoviviparous like the dogfish. 
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h. Skates and Rays ,—The advantage that a very flat body appears 
to give to fish that live on the bottom has been developed by the skates 
and rays to the fullest possible extent (Fig. 299^). The fins on either side 
have become enormously expanded and the tail correspondingly reduced, 
serving simply as a rudder, while undulations of the side fins propel the 
body forward. As a rule, the underside of the body of skates and rays is 
light-colored, but the upper surface is darker and may be spotted, so 
that it blends well with the bottom of the sea when viewed from above. 
The mouth is on the undersurface and is rather small; hence a ray “can¬ 
not at once seiz(‘ its j)rey and resorts to stealth to sc^cure its dinnei^ 
quietly approaching its victim, which may be a crustacean, or small 
fish, it darts suddenly over it and smothers it with its body.“ 

Among the better known skates and rays are the torpedo, sawfish, 
sting ray, and devilfish. TTie torpedo, or electric ray, possesses electric 
organs near the head that are capable of giving a powerful shock. It 
reaches a weight of about 100 lb. and may be found off the Atlantic 
coast of the United States. 

Sawfish are not so broad as arc the more typical rays. Their most 
strikihg peculiarity is the saw, which is a bony extension at the front 
end, about 5 ft. in length in a 15-ft. specimen, that has teeth about 
in, long extending out from the sides. Sweeping side strokes with such 
a weapon render the sawfish a formidable opponent. 

The sting ray, or stingaree, is a rather obnoxious fish, since it lies 
half buried in the sand, where it is not noticed until someone steps on 
its tail with a bare foot and is severely injured by one of its spines (Fig. 
299C). Near the base of the tail are one or several spines that may reach 
a length of a foot or more and are barbed along the sides. Wounds due 
to these spines are ragged and ugly and often subject the victim to the 
danger of infection. In certain localities, the “wings” of the sting ray 
are used in preparing a delicacy called raie au beurre noir, 

4. Importance of Elabmobranchs. —Sharks destroy large quantities 
of fish, crustaceans, squid, and other animals. They also do great damage 
to fishing gear. It is estimated that the injury they do to fishing gear along 
the coast of Massachusetts each year amounts to over $400,000. A 
“man-eating” shark, Carcharodon carchariaSy is a tropical species and 
may occasionally attack man. 

Recently the skiiis of sharks have been used to manufacture sharkskin 
leather. Oil is also extracted from the livers of sharks. This is used in 
medicine and industry. The “fish scrap” left after extracting the oil is 
sold for fertilizer. Although recently shark meat has been canned and 
sold as crayfish, it is little used as a food. The fins of the rays, as stated 
above, are considered a delicacy in some places. 
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C. Bony Fish, Osteichthyes, 1. Comparison with Elasmobranchs. 
This group includes a wide variety of forms, ranging in size from ^ in. to 
30 ft. or more. They are cold-blooded and have an exoskeleton and an 
endoskeleton. The name bony fish is applied to the group because their 
skeletons are more or less bony in contrast to the cartilaginous skeletons 
of the cyclostomes and the elasmobranchs. Some of the other more 
evident points of difference may be summarized as follows: 


Elasmohranchii 
Scales placoid or tooth-like 
Tail fm asymmetrical 
Gill slits exposed on the surface 
No air bladder 


Pisces 

Scales cycloid or ctenoid 

Tail fin symmetrical in appearance 

(Jill slits covered with a flap or operculum 

Air bladder usually present 


2. External J'eatures. a. Body Form ,—Fish are spindle-shaped, 
in general, though there are various modifications of this in correlation 



Fig. 302.—Side view of a fish to show external features. Some of the scales are omitted. 
The function of the lateral line is not certain though it is supposed to be connected with 
*'pressure sense.'* (B. Shamos) 

with the habits of living (Fig. 302). Fish that live in swift currents or 
that are built for speed are spindle-shaped. Those which live on the 
bottom are flattened dorsoventrally, as the flounder (Fig. 303), whereas 
those that live in quiet waters are likely to be somewhat flattened from 
side to side, as the perch. Eels have long, slender bodies that enable them 
to enter crevices and holes (Fig. 307.4). These are only some general forms. 
There are many bizarre forms of fish of every size imaginable. 

The position of the mouth is correlated to the feeding habits of the 
fish. It may be ventral, terminal, as in most fish, or dorsal, as the Tarpon. 

b. Scales ,—^There are no placoid scales, such as are found on the 
elasmobranchs, but there are three other types, cycloid^ ctenoid^ and 
ganoid (Fig. 304). Cycloid scales, found on the carp and other fish, are 
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Fig. 303.-~The Rounder^ Pseudopleuronedes americanus. The color pattern of this species 
changes so as to resemble the background. (Courtesy of U.S. Bureau of Fisheries.) 



Cl 
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Fig. 304.—Scales of Rsh. (A) Cycloid. (B) Ctenoid. (C) Placoid, (D) Ganoid. (After Hertwig. 
From Krecker, General Zoology, Henry Holt and Company, Inc.) 
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nearly circular with concentric rings; ctenoid scales, characteristic of 
the perch and the sunfish, are somewhat similar but bear short spines; 
ganoid scales are usually rhombic in shape and have a hard external 
covering, ganoin, produced by the dermis. Fish with this type of scale are 
usually called ganoid fishes. Examples are gar pike and bowfins. 

c. Fins and Tails. —Though the precise position may vary, there are 
always two kinds of fins: (1) unpaired median fins, which include the 
dorsal, caudal, and anal fins, and (2) paired fins, which include the 
pectoral, i)elvic, or ventral fins. Fins may be variously modified as struc¬ 
tures for walking, as in the sea robin, as planes for flying, or as sucking 




Fig. 305.—Diagrams to illustrate various types of caudal fins in fish. (A) Diphycercal 
(dipnoan, Protopterus). (B) Heterocercal (cartilaginous ganoid, sturgeon). (C) Homocercal 
(bony ganoid, Lepisosteus). (D) Homocercal (teleost, salmon). (E) Homocercal (higher 
teleosts). These figures show a progressive series. (F) Homocercal type representing a sec¬ 
ondary modification for a particular purpose (teleost flying fish, Cypselurus). (From Wolcott, 
Animal Biology.) 


disks. The pelvic fins may be lacking, rarely the caudal. The ventral fins 
may vary greatly in position. 

The fact that the shape of the caudal fin varies greatly in the groups 
of fish is a help in classification (Fig. 305). The symmetrical tail, 
diphycercal or protocercal, is shown only in the larval stages of fishes. A 
heterocercal tail is not symmetrical in that the vertebral column extends 
into the dorsal lobe. A stroke of this asymmetrical tail will send the 
anterior part of the body forward and is an advantage of fish that feed 
on the bottom. A sturgeon has this type of tail. The third type is ex¬ 
ternally symmetrical but internally unsymmetrical. It is called the 
homocercal tail, and a stroke of this tail forces the fish straight forward. 
Most bony fish with terminal mouths have this kind of tail. 




448 


BIOLOGYi THE SCIENCE OF LIFE 



Fig. 306.—Diagram to illustrato the main blood vetseit and organs of a bony fish. The 
air bladder or sac has been pulled down a little to show the position of the kidneys. (L. 
Runyon.) 


r 



Fig. 307.—<A) American fresh water eel, Anguilla bostoniensit. (B) Common brown 
bullhead, Amelurus nebulous. Note sensitive barbules around the mouth of the catfish. 
(Dr. C. L. Baker at Reelfopt Lake, Tenn.) 
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d. Coloration—Maay fish are brightly and beautifully colored red, 
orange, black, or some combination of these colors. The colors may be 
so arranged as to form definite patterns, and they may be due either to 
pigment or to special structure of the scales, which contain crystals of 
guanin (iridocytes). Many fish are protectively colored; i.e., they blend 
with the background; and some can change their cfdors through contrac¬ 
tion and expansion of chromatophores. This is probably due to li^t 
stimulation acting through the eyes and nervous system in the skin. 
The flounder (Fig. 303) is a good example of this kind of fish. 



3. Breeding Habits. —^The eggs may be laid singly or in masses 
attached to some object. In most cases, the eggs are fertilized after they 
are laid by the male, which deposits spermatozoa, or milt, over them. 
Thousands of eggs are laid, but few survive, for many animals use them 
for food. In ovoviviparous (L. ovum, egg; vivus, alive; parere, to bear) 
forms such as the guppy, the eggs are fertilized in *e anterior part of 
the oviducts, pass down the ducts, receiving additional food material 
and a shell, to the uterus, a modified portion of the oviduct. Here the 
eggs are developed and hatched, and so the young are bom alive. 

Development proceeds as shown in Fig. 454. Further detafls of 
embryonic development wiU be found in Chap. XLII. The yolk is used 
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by the developing embryo as food. By the time it has been used up, the 
young fish is sufliciently developed to secure its own food. 

In some cases, there may be a temporary mating among fish. They 
may cooperate in making nests, which may be simply a depression scooped 
out on the bottom or may be elaborately constructed (Fig. 808). In some 
cases, both the male and the female guard the nest; in other cases, only 
the male does this work. The male sea horse, a marine fish, has a brood 
pouch for carrying eggs until they develop. 

4. Secondary Sexual Characterb. —Among fish there may he 
differences in coloration between males and females as well as differences 
in size. The male stickleback is more brilliantly colored than the female 
and has a small protuberance on his head. The male guppy is easily 



Fig. 309.—^The African lung- or mudfish/ Protopterus. When the water dries up in the 
river/ or in the marsheS/ this fish buries itself in the mud and hibernates until the water again 
covers ib place of living. (Courtesy of The American Museum of Natural History.) 


distinguished from the female by his coloring. Other secondary sexual 
characters are modification of the pelvic fins in the male as claspers 
and the brood pouch in the male sea horse for carrying the eggs. 

For a description of the internal anatomy and physiology of bony 
fish, the student is referred to T. J. Parker and W. A. Haswell, “Textbook 
of 2Ik>ology,’’ Part II. 

5. Some Interesting Fish. a. The lungjish^ or Dipnoi, are interest¬ 
ing because they have a modified air bladder, which opens into the 
pharynx and functions as a lung. Figure 309 shows the African mud¬ 
fish, Protopterus* Ordinarily, they live in marshes, feeding upon crusta¬ 
ceans, worms, insects, etc. During the dry summer, they burrow in the 
mud, secrete a cocoon of slime with an open tube leading to the outside, 
and breathe with their lungs. They do not feed but live upon fat in the 
kidneys and gonads until the rainy season comes again. 

6. Deep-sea Fish *—^No fish are more interesting than the deep-sea 
fish, which have become much modified on account of their mode of 
life. Many families have representatives that have become adapted to 
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the conditions of the deep sea, which are total darkness, very cold water 
only a few degrees above freezing, and a pressure of about 1 ton or more 
to the square inch. The pressure at the surface is only about 15 lb. to 
the square inch. Since there is no vegetation, all deep sea fish are either 
carnivorous or cat organisms that sink from upper waters. All the con¬ 
ditions require that fish shall be very much modified from the usual 
forms if they are to survive. 

Among these adaptations are luminescent organs of a great variety. 
They may be distributed over any part of the body (Fig. 310). Some of 
these fish have very large numbers of teeth and enormous stomachs. 
Some are blind and depend upon tactile organs for eyes; the eyes of 



V ^ 


Fis. 310.—Representative deep-sea fish. Many deep-sea fish have larse mouths and many 
are luminescent. (Courtesy of The American Museum of Natural History.) 

others are very large to catch all possible light, which at great depths 
must come from the phosphorescent fish themselves. 

c. Fossil Fish ,—The Devonian age was called the Age of Fish because 
fish were the dominant form of life at that time. Fish first appeared in 
Silurian times, about 300 millions of years ago. Their ancestors were 
soft-bodied forms, probably resembling the Amphioxvs in some respects. 
There were many families that are completely extinct. 

d. Sea Horsey Sailfishy Swordfish ,—The sea horse is a fish with a 
peculiar body and interesting habits. The brood pouch on the male for 
carrying the eggs until they hatch was referred to previously. 

The sailfish has the dorsal fin modified to resemble a sail. The sword¬ 
fish has the upper jaw extended to about one-third the length of the 
body into a flat, sharp-edged, pointed **sword.’* Just back of the head 
is a shark-like dorsal fin. The adults are toothless and have no scales. 
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Specimens 16 ft* long and 300 lb. in weight have been recorded, but 
they are usually about one-half this size. 

Swordfish may attack boats, and many cases are on record in which 
the sword has been driven through the bottom and fishermen injured or 
the boat sunk. The sword is supposed to be used for obtaining food as well 
as for protection. Large fish may be speared, and smaller fish, especially 
when in schools, are said to be stunned or killed by side strokes of the 
sword. 

6. The Importance of Fish. —^It is a familiar fact that fish are 
important as food for man. Hundreds of millions of dollars’ worth of 
fish are sold in the markets each year by commercial fisheries. Salmon, 
codfish, halibut, herring, shad, mullet, red snapper, trout, perch, and 
many others are valuable food fish. Fish eggs are also used as fish roe 
or the eggs of a Russian species of sturgeon and paddlefish as caviar. 

Fishing as a sport furnishes recreation for thousands. This may be 
simply fishing in ponds and streams with a hook and line or may be 
the complicated sport of deep-sea fishing. Many of the large game fish 
are good for food, but some, for example the tarpon, are rarely used for 
food. ^ 

Fish are also useful in furnishing certain oil used for various purposes, 
especially cod-liver oil and ‘‘haliver” oil, used in medicine to provide 
vitamins A and D. Fish scrap left after the extraction of oil is used as a 
fertilizer. 

The mosquito fish, Gambusia, is useful in destroying large numbers 
of mosquito larvae and so aids in preventing the spread of diseases 
carried by mosquitoes, as yellow fever and malaria. 

Ornamental fish are cultivated for home aquariums, the Japanese 
having developed many odd varieties of the goldfish, which is a native 
of China. More recently, the cultivation of small tropical fish has been 
taken up as a hobby by many persons interested in fish as pets. 

7. Biological Principles Illustrated by the Fish Group.—^F or 
an account of the migrations of fish and other special adaptations not 
mentioned above, look ahead to Chap. XLVI. By way of summary, the 
more important biological principles illustrated by the fish are secondary 
sexual characters, protective coloration, special breeding habits, ranging 
from no care of young to special nests guarded especially by the male, 
modifications of tails and fins, and special adaptations for various environ- 
mentSy as flattened bodies for those that live on the bottoms, special 
adaptations of deep-sea fish, and the like.* 

Qutftioni 

1. What are the general features of a hagfish? Why are hagfish important? 

2. Compare the hagfish and the dogfish shark as to external features. 
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8. What kind of skeleton has the dogfish? 

4. What is the function of the spiral valve in the intestine of the dogfish? 

5. Compare in a general way the following systems of the frog and the dogfish: digestive, 
circulatory, respiratory, excretory, nervous. 

6. Compare the male and female urinogenital systems of the dogfish. 

7. In what ways are the sharks economically important. 

8. Give examples of protective coloration and secondary sexual characters of fish. 

9. Discuss some breeding habits of fish from an evolutionary point of view. 

10. Discuss primitive and modified fins and tails. 
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CHAPTER XXX 

AMPHIBIA 


Sweet are the uses of adversity 

Which like the Toad, ugly and venomous, 

Wears yet a precious jewel in his head; 

And this our life, exempt from public haunt, 

Finds tongues in trees, books in running brooks, 

Sermons in stones, and good in everything. 

-SHAKESPEAIiE. 

A. Amphibia in General.—^The Amphibia (Gr. aviphi, both; bios, 
life), as the name implies, are fitted at some time in their lives to live 
in two different environments, water and air. Frogs and toads are the 
best known amphibians. The frog has been fully described (Chap. 
XVII) as an introduction to vertebrate anatomy and physiology. Such 
an animal indicates very well the transition from life in the water to life 
on land. The tadpole can live only in water, since it must breathe by 
means of gills. The first gills are external. These "disappear, and four 
pairs of internal gills are then formed. Water enters the mouth, passes 
through the gill slits and then out through the spiracles (page 261). 
When the tadpole transforms into an adult frog (metamorphosis), the 
lungs become fully developed, and the frog breathes air all the rest of its 
life. In spite of this, however, it can stay under water for long periods, 
since the skin is able to carry on a limited amount of respiration. In 
general, the Amphibia have moist skins, which secrete mucus; the 
majority prefer damp places. They are cold-blooded, and the heart is 
three-chambered, having two auricles and a ventricle. Salamanders 
are often confused with lizards, but all the reptiles have scales, where¬ 
as scales are rarely found in Amphibia. 

Amphibians show advances over the fish in many ways. The paired 
fins of the fish have been converted into limbs for moving about on land; 
in the fish, the nostrils were for the sense of smell only, but in the Amphibia 
they also take in air for breathing purposes and communicate with the 
mouth. 

The group includes the salamanders^ newts, frogs, and toads. About 
134 of the 2,000 species live in North America. 

B. Classification.—There are three orders and many suborders: 

Order 1. GTONormoNA (Gr. gymnoa, naked; ophioneua, aerpent-like), or Apoda (Gr. a, with¬ 
out; pons, foot). Worm-like, legless amphibians; tail short or absent; the oaeciUana 
(Pig. SllA). 
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Order 2. Caudata (L, cauda^ a tail) or Urodela (Gr. owra, a tail; delos^ visible). Amphibians 
with tails; gills permanent in some, lost in others; a few bf<^^the through the skin and 
walls of the pharynx; salamanders (Fig. SllB) and newts. 

Order 3. Salientia (L. salio, leap). Adults tailless and without gills and gill slits;/rog^ and 
toads (Fig. 312). 

C. The Caecilians.—^These animals may be looked upon as degenerate. 
They burrow in the earth and are not unlike earthworms in general 
appearance, having neither limb nor girdles but having concealed 
dermal scales. The eyes are rudimentary, the animal finding its way 
around by a sense of touch. A tentacle-like organ of touch lies in a groove 
between the eyes. The caecilians live in tropical and semitropical countries. 

The blindworm, Ichihyophthis glutinosa^ is an example of this group. 
It has the curious habit of laying eggs in a shallow hole near the water 



Fis. 311.—(A) A Caecilian, fehthyophis slutinosa. (After P. and F. Sarasin. From Parker 
and Haswell, A Textbook of Zoology, Macmillan Company.) (B) Marbled salamander, 
Ambystoma opacum. (Dr. C. L. Baker, Reelfoot Lake, Tenn.) 

and then coiling itself around them (Fig. 311.4), probably to protect 
them from other animals. The larval period of this form is passed in the 
egg, the larva having external gills, which are lost before hatching. 
After hatching, the animal swims about for a time, but soon the adapta¬ 
tions for aquatic life disappear; the gill clefts close, the tail and fin are 
lost, and the animal becomes terrestrial. The adults will drown if forced 
to remain in water! 

D. Salamanders and Newts. 1. Characteristics. —^The tailed 
amphibians, or Caudata, include primitive and specialized forms. The 
young are hatched as tadpoles or aquatic larvae. Their metamorphosis 
into adults may vary considerably, but in general it is inconspicuous. 
Some salamanders retain their external gills throughout life, even though 
functional lungs may be developed; others retain only gill slits; still 
others lose both gills and lungs and use their moist skins as respiratory 
organs. The main difference between salamanders and newts is one of 
size. 
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2, Representatives. —^The hellbender, CryptobranchuSy is found 
in the Eastern United States and may reach a length of 18 to 20 in. The 
giant salamander of Japan may reach a length of over 5 ft. 

Ambystoma tigrinurriy the tiger salamander, is a form much used for 
experiments in biology laboratories. It is an interesting fact that its 
larval form, the axolotl (page 459), was once thought to be a different 
species. Its gills persist in the adult, but if forced to breathe air it sheds 
them and becomes the air-breathing Ambystoma, 

Other salamanders are the Amphiuma or Congo eel, the crimson- 
spotted newt, the NecturuSy the marbled salamandery Ambystoma opacum 
(Fig. 311R). 

E. Frogs and Toads, t. Comparison of Frogs and Toads.— 
Frogs and toads, of which there are many species, are representatives of 



Fis. 318. Toads. (A) American toad, Buto americanus. (Dr. C. L. Baker, Reelfooi Lake, 
Tenn.) (B) Toad tinsins* (Courtesy of Maryland Natural History Society.) 


the order Salientia of the Amphibia. The toad differs markedly from the 
frog in many ways, as can be seen by comparison of Figs. 157 and S12. 
It is covered with a warty skin, which is not moist, like that of the frog. 
It wanders some distance from water but always returns to the water to 
breed. Toad eggs can always be distinguished from frog eggs, because 
they are laid in the form of strings (Fig. 313), whereas those of frogs are 
laid in masses. 

Toads croak and possess vocal sacs, as do the frogs (Fig. 318J5). 
Each frog and toad has its own distinctive call. During the breeding 
season, there is a chorus to be heard, especially in the evenings. The 
primary purpose of the call is for mating, though frogs can make sounds to 
express fear and pain. Bullfrogs may call under water. A few frogs in the 
Northwestern United States have no voice, and salamanders are mostly 
silent. 

Toads are almost the color of the earth and thus are difficult to see. 
They often appear just at dusk, hopping along the roadside. Like the 
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frogs, they hibernate (L. hihernay winter quarters) during cold weather. 
Hibernation is a state resembling deep sleep. Activities are not resumed 
until conditions are favorable again. It is possible to freeze frogs for a 
time, and they seem able to resume normal life thereafter. Many animals 
have the habit of hibernation (page 459). 

The toad has a habit of “puffing up“ or increasing the size of his body 
when attacked or irritated. In this condition, it is very difficult for his 



enemies to swallow him. This curious habit has evolved for his protection, 
although it does not always work. 

Another offensive weapon of toads is an irritating, acrid secretion 
from the glands in the skin. 

Toads, like frogs, have four fingers on each hand and five toes on 
each foot. 

Representatives. —^There is a large group of tree frogs. These 
have adhesive disks on their feet, which enable them to climb, and they 
usually have large vocal sacs, which give them loud voices. Hyla versicolor 
is a common species. It has the power of changing its color from stone- 
gray to brown and from white to green. In this way it blends with its 
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background and escapes notice (Fig. 314). Tree-frog adults range in size 
from Ke the little chorus frog, Psevdacris oovlarisy to in, in tlie 
Key West tree frog, Eyla septentrionalis (Wright). 

The genus Rana includes the true frogs; examples are the leopard 
frog, Rana pipiensy the green frog, R. clamitansy and the bullfrog, R. 
catesbiana. The bullfrog may reach a length of 8 in. It gets its name from 
its deep voice. 



Fig. 314.—^Tree frogs, Hyla versicolor. These frogs can change their color through various 
shades of brown, green, and gray and so are less conspicuous in their natural homes. Soft, 
adhesive pads on the toe tips enable the animals to climb. (Dr. C. L. Baker.) 

The common toad, Bufo americanuSy is widely distributed. The 
spadefoot toads have hind feet with spurs adapted for digging. 

F. Poisonous Amphibia.—The poison glands of the frogs and toads 
have been mentioned (page 457), the poison being an effective means of 
defense. Some salamanders and newts also have poison glands. For 
example, Salamandra salamandra is a poisonous species. 

G. Biological Principles Illustrated by the Amphibia. 1. Regeksbsra- 
TiON. —Amphibians have a greater power of regeneration than any other 
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Vertebrates. Tadpoles will regenerate lost limbs of tails, but adult frogs 
seem unable to regenerate lost appendages. 

2 . Paedogenesis. —It was mentioned above that the larvae of the 
Ambystoma were considered a different species from Ambystoma and 
given the name axolotl. They retain their gills under certain circum¬ 
stances. Larval characters retained after sexual maturity are charac¬ 
terized as neoteny (Gr. neosy young; teinein, to stretch), and the reproduc¬ 
tion of young by immature animals is known as 'paedogenesis (page 417). 
The axolotl is a type that illustrates neoteny and paedogenesis. 

8. lIiuEUNATiON OR ESTIVATION. —When conditions become unfavor¬ 
able, as cold of winter, amphibians will bury themselves in the mud and 
hibernate (winter sleep) until spring; also they will estivate (summer 
sl(^ep) in times of extreme heat or dryness. During this time, the physio¬ 
logical activity of the animals is reduced to a low ebb, and their tempera- 



Fi 9 . 315.—The **inidwife toad" Alytes obstetricans. The male wears the ess strins around 
his hind less. (Photosraph of a preserved specimen.) 

ture is a little above that of the surrounding atmosphere. The slight 
amount of food needed is supplied from food stored in the tissues. 

4. Secondary Sexual. Characters. —These are shown in the 
Amphibia by secondary sexual coloration and by the thickened thumb 
of the male frog in the breeding season. In some salamandersy there may 
be masses at the base of the tail, or the teeth may elongate, or there may 
be other differences. In the bullfrog, the male is distinguished by a larger 
tympanum than is found in the female. 

5. Adaptations in Breeding Habits. —Most amphibians are ovi¬ 
parous, the eggs being laid in the water and fertilized by the male as they 
are laid. In a few cases, salamanders and caecilians, the eggs are fertilized 
internally. Also, a few salamanders bring forth their young alive. 

Although the majority of amphibians lay their eggs in water, there 
are many eacceptions to this rule. In many cases, the tadpole stage is 
inside the egg, the eggs hatching as little frogs. Many salamanders lay 
their eggs on land. 

Among amphibia there are many curious breeding habits. The male 
obstetrical toad, Alytes obstetricans (Fig. 315), carries eggs wrapped 
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around his hind legs until they are ready to be hatched. He then enters 
the water, and the young tadpoles are bom there. One of the most 
interesting adaptations is shown by the Surinam toad, Pipa americanay 
of South America, which carries eggs and tadpoles in individual dermal 
chambers on the back of the female (Fig. 316). A Chilean frog, Rhino- 
dermay uses his vocal pouch to carry the eggs. The young hatch as fully 
formed young. 



Fig. 316.-—The Surinam toad, Pipa americana. This native of South America is a peculiar 
animal in every way. The body is flat and the feet quite unlike those of other toads. The 
young develop in cavities on 4he back of the mother. (Courtesy of The American Museum 
Natural History.) 

As to nests, a South American group, LeptodactyluSy deposits eggs in 
foam nests it has made. Certain frogs in Jamaica lay their eggs in the 
water between leaves of special kinds of plants. 

H. Importance of Amphibia.—^Frogs, toads, and salamanders, eggs, 
larvae and adults, are widely used in biology laboratories, and many 
students get their first ideas of vertebrate anatomy and embryology from 
a study of these forms. 

Since frogs destroy many insects, they are beneficial. Frog legs are 
widely used as food. 

I. Amphibia as First Terrestrial Vertebrates. 1. Ancestors of the 
Amphibia. —Certain fish sometimes leave the water for short periods, and 
the limgfish are able to secrete cocoons and breathe in air at times when 
their native habitats become somewhat dry. But fish are not adapted to 
live on land. Little is known certainly of the amphibian ancestors, though 
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it is thought that they probably came from the orossopterygian fish or 
some as yet undiscovered related group. The first record of amphibian 
life is a three-toed footprint of Thinopus antiquics found in the Devonian 
sandstone (Middle Paleozoic era). They increased to such an extent that 
the Late Paleozoic era or Carboniferous period is called the Age of 
A7nphibians (page 788). 

Many amphibians have become extinct. Among the interesting fossil 
amphibians are the stegocephcdians (Gr. stegos, roof; kephalcy head). They 
reduced the armor of tlieir ancestral armored fish but retained it over 
the head to the breast girdle. There were also oblique rows of small 
scales, chiefly on the underside of the trunk and tail. Some of the fossil 
Amphibia measure from 15 to 20 ft. (Mastodonsaurus). 

Geologists agree that it is more than probable that at the time of the 
emergence of the amphibians there were alternating seasons of warmth 
and rainfall. In the dry seasons the animals had to adapt themselves 
to life on land in order to survive. 

2. Adaptations fok Life on Land. —Many changes were necessary 
in the transition from aquatic to terrestrial life. 

a. Limbs. —Paired fins were transformed into limbs that would bear 
the weight of the animals in the mud and that would serve as locomotor 
organs. To support these, pectoral and pelvic girdles were developed. 
Unpaired fins were lost though some have arisen as new structures in 
frog larvae and in salamanders. 

h, Orgam of Respiration. —In fish the nostrils were for the sense of 
smell only, but in the Amphibia they also take in air for breathing pur¬ 
poses and communicate with the mouth. 

The development of lungs for air breathing, even though they are not 
highly functional, brought about far-reaching changes, especially in the 
circulation. 

The skin in certain Amphibia may serve for a limited amount of 
respiration, as in the frogs, but most of the adults have lungs, even 
though the larvae may still have gills. Fish have glands in their soft 
epidermis that produce a secretion to protect them from the water, and 
so amphibian skins were developed to protect them from drying out, a 
function performed by the mucous glands of the skin. 

Internal gills of the fish were lost by the Amphibia. Some gills appear 
among the salamanders, but they develop before the gill clefts open, are 
restricted to the outer side of the branchial arches, and are always 
covered with ectoderm, so that they are not homologous with the gills of 
fish, though they have the same function of respiration. The development 
of lungs enabled the amphibians to take oxygen directly from the air. 

c. Circulatory System .—In fish the blood is aerated in the branchial 
circulation and is carried from the gills by the efferent gill arteries to the 
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dorsal aorta and from there distributed throughout the body. In the lung 
forms the blood is aerated in the lungs and is carried by the pulmonary 
veins to the right auricle of the heart and goes from there through the 
aorta to all parts of the body. The four pairs of aortic arches of the fish 
are transformed, so that only one pair remains in the Amphibia (page 
239). In the Amphibia, a cutaneous branch of the fourth arch goes to the 
skin, which in some forms is an accessory respiratory organ. 

The heart is changed from a two- to a three-chambered organ, two 
auricles and one ventricle. The venous blood goes into the left auricle, 
and the arterial blood goes into the right auricle. Both auricles empty 
into the single ventricle, but there is not much mixing of the arterial 
and venous blood on account of the folds in the ventricle walls (page 242). 

d. Sense Organs, —Changes in sense organs involve especially changes 
in the eyes and ears. Eyelids are developed to protect the eye and keep it 
moist, the moisture being supplied by lacrymal glands. The lens becomes 
more flattened for distant vision. 

The ears are adapted to catch air sound waves. A tgnipanic membrane 
is stretched over a middle ear in many amphibians. In this middle ear 
is a columella^ which transmits the sound waves to another small bone, 
the stapesy set in an opening of the wall of the sacculus. The middle ear 
is connected with the pharynx by a Eustachian tube. 

There are many other adaptations that show the transition of the 
amphibians from a water to a land environment, but the foregoing are a 
few of the more important. 

Questions 

1. Distinguish between the three orders of amphibians. 

2. Why is the axolotl an especially interesting animal ? 

3. Compare a frog and a toad with regard to external features and habits. 

4. Are there any poisonous Amphibia? 

6. What are some advantages of hibernation? 

6. Do any Amphibia exhibit secondary sexual characters? 

7. What are some interesting breeding habits among the Amphibia? 

8 . Do all the Amphibia lay their eggs in the water? What exceptions can you name? 

9. What fish were the probable ancestors of the Amphibia? 

10. List the adaptations shown by the Amphibia for life on land. What are the probable 
reasons for these adaptations? 

11. Define: neotony; paedogenesis; estivation. 
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CHAPTER XXXI 

REPTILIA 


The tortoise like other reptiles has an arbitrary stomach as well as lungs; and can 
refrain from eating as well as breathing for a great part of the year. 

—Gilbert White, 1772. 

Living reptiles include turtles, the sphenodon, chameleons, lizards, 
and snakes. Reptiles are not the slimy creatures often pictured, their 
horny scaly coverings being anything but slimy; they are often very 
beautiful. 



Fig. 317.—Restoration oF an extinct reptile, Dimetrodon. Some of the spines in the back are 
three feet Ions. (Courtesy of The Smithsonian Institution.) 


A. Ancient Reptiles.—The reptiles probably arose from stego« 
cephalian stock (page 788) in Carboniferous times, over 100 million 
years ago. During the Mesozoic era they dominated the earth on land, 
in water and in the air. To live in so many types of habitats, they became 
highly specialized (Fig. 817). Some returned to the sea; others lived in 
fresh water, in swamps, and on land. Many of the ancient reptiles were 
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small and resembled the lizards of today; but others, the dinosaurs are 
the largest animals that ever lived. Indeed, their restorations remind one 
of giant mammals rather than of reptiles. The “thunder lizard,’’ the 
Brontosaurus (Fig. 519), was about 80 ft. long and weighed about 40 tons! 
It was herbivorous in its choice of food, living in the shallow waters of 
ponds and bays. But some of the dinosaurs were carnivorous. Tyranno¬ 
saurus^ the king lizard, was smaller than Brontosaurus, being about 47 ft. 
long, but it must have been a terrible animal, greatly feared. 

The flying reptiles, the pterosaurs, varied in size from a few feet to 
about 25 ft., and the fish lizards, ichthyosaurs, were perfectly adapted 
to the water. 



Fig. 318.—^Thc common water snake, **mocca$in** (not to be confused with the venomous 
water moccasin, Agkistrodon page 475) Matrix sipedon, with young which are bom alive. 
There were 35 youngsters in this batch. (Dr. C. L. Baker.) 


Authorities differ as to the length of time these extinct reptiles lived 
on earth, but a conservative estimate is that they dominated the earth 
for more than a million years. 

B. Modem Reptiles.—Modern reptiles, as were their ancient fore¬ 
bears, are cold-blooded vertebrates with bodies covered with homy 
scales or plates. Except for the snakes, there are four well-developed legs 
provided with claws. All of them breathe air. The skull is well developed 
and articulates with the skeleton by a single condyle (Gr. kondylos, a 
knuckle) or rounded head fitting in a socket in the first vertebra of the 
spinal column. Most Reptiles are oviparous (Fig. 319), the eggs being large, 
with a horny covering, usually laid on or in the ground. There are ovovi- 
viparous forms, however, the eggs being held in the body of the mother 

' For further information about extinct reptiles, see p. 791. 
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until development is complete, and the young are bom alive (Pig. 318). 
Two membranes make their appearance, an amnion^ surrounding the 
embryo and enclosing it in a sac of fluid, and an allantois^ an embryonic 
organ acting as an organ of respiration or an organ of excretion or both. 
These membranes are characteristic of reptiles, birds, and mammals, and it 
is proposed to call these three groups the Amniota. The young animals, when 
born, resemble their parents, and there is, therefore, no metamorphosis. 

There are about 5,000 reptile species known at the present time, 
about 300 of them known to the United States. Most of them live in the 
warmer climates of the earth, there being few in the colder parts of the 
Temperate Zones and none in the Arctic regions. 



Fis. 319.—(A) Green snake layins eggs. (B) Green snake emerging from an egg. (Dr. 

F. N. Blanchard.) 


C. Advances Shown by the Reptiles over the Amphibia.—^The 
advances shown by the reptiles over the Amphibia have to do mainly 
with adaptations to terrestrial life. In the discussion of the advances 
shown by the reptiles over the Amphibia, certain differences between 
the two groups that may not represent advances are mentioned. The 
Amphibia had developed adaptations for living on land, but they had not 
completely given up the water as a place of living. The modern reptiles 
are adapted for a terrestrial life, even though some members of each group 
do return to aquatic life. It is an interesting fact that those forms that do 
become adapted to live in water do not regain the primitive characters 
shown by their ancestors. There are definite structural changes correlated 
with the terrestrial mode of life that are more pronounced than in the 
Amphibia. 

1. The skin and exoskeleton, which was moist in the amphibians, 
requiring them to live in damp places, is replaced in the reptiles by a 
horny, scale dike exoskeleton that keeps the animal from drying out and 
furnishes protection. The scaly skins of the reptiles are never slimy but 
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form a hard external case, which, in the lizards and snakes, must be shed 
periodically. 

Digestive System, —In the lower reptiles, there is not much 
change, but in the higher ones the digestive system becomes more com¬ 
plex, some forms developing a gizzard. 

3. The Circulatory System. —^The adaptations in the circulatory 
system that came about as a result of air breathing have gone farther in 
the reptiles than in the amphibians. There are two auricles and a double 
ventricle imperfectly divided except in the Crocodilia. The postcaval 
vein, a new vein in the Amphibia, becomes the main passageway for the 
blood that formerly went through the postcardinals. The renal portal 
system is reduced, and the hepatic portal system is developed. The 
arterial system is not much changed from that of amphibians (page 238). 

4. Respiratory System. —The number of alveoli in the lungs is 
greatly increased, thereby increasing the surface through which respira¬ 
tion is carried on. 

5. Urinogenital System, —Below the reptiles the type of kidney is a 
mesonephros (page 247). Beginning with the reptiles, the mesonephros 
is replaced by a metanephrosy which is also characteristic of the birds and 
mammals. Nephrostomes have been lost, and there is no opening into the 
coelom. The ureter conducts the urine from the kidneys; the old meso¬ 
nephric or Wolffian duct is now the sperm duct in males and is vestigial 
in females. 

Fertilization is usually internal. The eggs are larger than amphibian 
eggs and have a horny covering or shell. They may be laid in the ground, 
oviparous (L. ovurtiy egg; parere^ to bear) forms, or retiiined in the body 
of the mother until after hatching and th(; young brought forth alive, 
ovovwiparous (page 443) forms. 

6. Embryonic Membranes. —The amnion (Gr., fetal membrane) and 
allantois (Gr. allosy a sausage), make their appearance (Fig. 337) for the 
first time. Since these are characteristic of the birds and mammals, also, 
the three groups are sometimes called the Amniota, The amnion is formed 
by the embryo (Fig. 455). The allantoisy also developed by the embryo, is 
an organ of respiration in the reptiles and birds. There is no meta¬ 
morphosis. 

7. Skeleton. —^There are an elimination of bones and a strengthening 
of others, joints are improved, and the girdles are more serviceable. The 
head articulates with one condyle instead of two, which is characteristic 
of amphibians and mammals. 

8. Nervous System. —Since land life adds to the problem of existence, 
a better nervous system is developed by the reptiles. The brain parts are 
larger, as well as the spinal cord, and there are more nerve-fiber con¬ 
nections. A cerebral cortex is developed, i.e., the outer part of the 
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cerebrum is divided into an outer gray portion and an inner white portion. 
The ‘^second brain” or enlargement of the spinal column to take care 
of the great development of shoulder and hip regions was characteristic 
of the dinosaurs (page 790). The higher reptiles, however, did not develop 
this plan but acquired larger and more specialized brains. 

9. Muscles. —^There is more individual use of certain muscles and 
more specialization than in amphibians. 

D. Classification of Living Reptiles.—^The living reptiles may be 
classified in four orders: 


Orrier 1. (^hklonia ((Jr. vhdone^ tortoise) or Testvdinata (J^. ff'stuilinufii,% like a tortoise). 

Land and frcsli- and salt-water types. The turtles (Fig. 320). 

Order 2. lliiYNC’HorEPiiALiA ((ir. rhynchx),% snout; kephale^ head). One living species, 
Sphrnodon or Ilafivria, a lizanl-like reptile found only in New Zealand (Fig. 321). 

Order 3, ( -HoeoDiLiA ((rr. krokodeilos^ crocodile). (Wocodilia and alligatont (Fig. 322). 

Orcler 4. Sqitamata (L. ftquamalus^ scaly), (■hamdeons, lizards, and srtakes (Figs. 323, 320). 

E. Turtles .—Turtles are variously called turtles, tortoises, and ter¬ 
rapins. Ditmars proposes to give the name tortoue to the strictly ter¬ 
restrial species and the iiama turtle to the semiaqiiatic and marine species 
and the name terrapin to those hard-shelled, fresh-water species that are 
edible and have a rect^gnized market value. 

1. Some General Features and Habits. —The feature that 
separates turtles from all other animals is that it is a reptile in a box. 
It can draw its head, legs and all, inside this box-like exoskelctoii. 

There are turtles that live exclusively on land but the majority are 
more or less aquatic. The sea turtles come to land only to lay their eggs, 
and the males of some species are said not to come to land at all. 

Turtles are air breathing, but most of them can remain submerged for 
a long time. A few have a pair of thin-walled sacs, one on either side of 
the cloaca. These are accessory respiratory organs. The walls of these sacs 
have a rich supply of blood vessels. The sacs are alternately filled with 
water and emptied through the anus. 

Land turtles eat vegetable food as well as grubs, worms, and other 
small animals. The water forms devour animal food under water. 

All turtles are oviparous, even the aquatic forms coming ashore to 
lay their eggs. Nests are scooped out in the sand, the eggs are laid in the 
cavity, and then the sand is packed down over them. Here the eggs hatch 
without any effort on the part of the mother. The large marine turtles 
sometimes lay as many as 500 eggs. No care is taken of the nests, and the 
young turtles must take care of themselves as soon as they emerge from 
the egg. 

Turtles are noted for their length of life. The giant tortoises of the Gala¬ 
pagos Islands are estimated by various authors to live from one to several 
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hundred years. In size, turtles vary from a few ounces to the large 
marine turtles, which may weigh 1,000 lb. 

2. External Features. —^The skin on the heads of turtles may be 
smooth or be provided with scales, but on exposed parts it is scaly and 
wrinkled. The body is wide and short and enclosed in a box-like exo¬ 
skeleton, the dorsal part of which is the convex carapace and the flat 
ventral part the plastron. This is made up, in most cases, of horny plates 
covering internal bony plates. 

The head is compact in structure. The jaws are usually covered with a 
horny sheath that forms a cutting edge. The eyes, one on each side of the 
head, are provided with upper and lower eyelids and a nictitating mem¬ 
brane. The four legs are typically pentadactyl (Gr. pente, five; daktyloft, 
finger). In aquatic forms, these are more or less webbed, and in the 
marine turtles they are modified into flippers. The tail is usually short 
and thick. 

3. The Skeleton. —The dorsal part of the shell of a turtle is convex 
and is called the carapace; the flat ventral portion is the plaMron (I.i. 
emplastroriy a thin plate of metal). In most species, these two parts of the 
shell are fastened together by lateral bridges. On the outside of the 
exoskeleton are a number of epidermal plates or scutes. These differ in 
number and arrangement in the different species. They may have color 
on or under them. 

The endoskelefon may be divided into the axial skeleton and appendicu¬ 
lar skeleton. The skull is firmly put together. A beak is formed by the 
horn-covered premaxillae, maxillae, and deniary bones. No teeth are 
present, and the jaws are strong enough to tear for)d. 

The vertebral column has comparatively few vertebrae. Those of the 
neck region are freely movable, the joints being of the cup and ball 
variety. The thoracic vertebrae, united to the carapace, bear ribs that are 
also closely united with the carapace (Fig. 320). 

The pectoral and pelvic girdles are peculiarly situated. They are on 
the inside instead of on the outside of the ribs. 

4. Representatives, a. Diamondback Terrapin, —These are greatly 
prized as food and are expensive, about $75 a dozen. The name comes from 
the diamond-shaped plates on the back of the shell. This animal hiber¬ 
nates in the winter in the mud, where it is found and dug up. There are 
successful attempts to raise them on so-called imile farms. 

h. Giant Tortoise, —In ancient times, there were enormous numbers 
of giant tortoises on the Galapagos Islands in the Pacific and Indian 
oceans in tropical latitudes, but they are almost exterminated now. 
They live on land, feed on berries, may weigh 500 lb. or more, and reach 
an age of more than 100 years. The head is comparatively small and the 
neck long and slender. 
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c. Snapping Turtles, —The common snapping turtle, Chelydra 
serpentina^ can bring its sharp jaws together with such force as to snap 
off a human finger; the larger alligator snapper, Macrochelys lacertinay 
is able to snap r)ff a foot. It may reach a length of ^8 in. and weigh 
140 lb. 

d. The Painted TerrapiUy Chry,semys picta^ is a common land 
turtle. 

e. The Leathery Turtley Dermochelys coriaceUy is the largest living 
species. It lives in the sea and has its limbs modified as flippers. As its 



B 

Fis. 320.—Skeleton of the painted turtle, Chrysemys marsinata. (F. Baker.) 

name signifies, there is a leathery rather than a horny covering over the 
shell. 

F. The Sphenodon.—There is only one representative of the Rhyncho- 
cephalia alive today, the tuatera, Sphenodony which lives in New Zealand. 
Gadow refers to it as “the last living witness of by-gone ages, this 
primitive, almost ideally generalized type of reptile, this ‘living fossil."’' 
It is much like animals in the ancient Jurassic times. In external appear¬ 
ance, it resembles lizards, but it differs from them in several anatomical 
features (Fig. 3£1). Its most interesting feature is the connection of the 
pineal body with a vestigal third eye. 
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G* Crocodilia. 1. General Features and Habits. —These are the 
giants among present-day reptiles, some of them attaining a length of 
between 20 and 30 ft. Their bodies are covered with scales and bony 
plates. They have powerful tails, laterally compressed toward the end, 
and two pairs of legs. These are of little use in swimming. The anterior 
pair of legs has five digits, slightly webbed, and the hind pair has four 
pairs of digits, more webbed than the anterior pair. The three inner digits 
of each foot have claws. 

The scales are arranged transversely, the dorsal ones having high 
keels, giving the skin its characteristic appearance. These scales are 
supported by plates of dermal bone beneath. 

The nostrils are close together near the anterior part of the snout. 
Each has a valve and can be closed. The tympanum of the ears is pro- 



Fis. 321.—The Tuatera or Sphenodon^ of New Zealand. This animal has been called a 
*'living fossil'* because it is a representative of a group of reptiles that died out after "The 
Age of Reptiles." (Courtesy of The American Museum of Natural History.) 


tected by a movable flap of skin. The eyes are provided with an upper and 
a lower eyelid and a nictitating membrane. 

The teeth of alligators and crocodiles are long and pointed and are 
set in sockets. From time to time, they are replaced by others that grow 
out from beneath. 

The American crocodile and the East Indian crocodile may enter 
salt water; the great majority, however, live in fresh-water streams 
and marshes in the warmer climates of the earth. For two or three months 
of the year, they hibernate in the mud. 

The eyes and nostrils are so elevated that they are in the air, and the 
flat portion of the head is even with the surface of the water. The alliga¬ 
tor often lies parallel to the surface of the water in such a manner that 
at a little distance it looks like a log. 

2. Representatives. —The Crocodilia are a very ancient group, and 
the present-day representatives differ very little from those of ancient 
Juri^ssic times. 
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a. Oavials. —Apparently the largest form existing today is the species 
in northern India, the Indian gavial, Gavicdis gangeticus^ which may grow 
to a length of 30 ft. The Oavialis snouts are long and slender. 

b. Crocodiles and Alligators. —^Figure 322 shows a superficial differ¬ 
ence between the alligator and the crocodile, the shape of the snout. One 
characteristic difference between the two is in the teeth. In the Croco¬ 
diles, the fourth tooth fits into a notch in the upper jaw when the mouth 



Fig. 322.—A comparison of the alligator (A) and the crocodile (B). (Courtesy of The Florida 

Reptile Institute.) 

is closed and is visible, whereas the fourth tooth in the alligators fits 
into a cavity of the upper jaw and is hidden. There are many other differ¬ 
ences of a technical nature. 

(1) The Ambbican alligatob, Alligator mississippiensis^ is less 
active and less vicious than its relatives. It is one of the two species 
known to exist at the present time, the other species being the Chinese 
alligator, which lives in the Yangtze River in China. The American 
species grows to a length of about 20 ft. and has a dark-brown hide, 
much prized for making leather. The snout is very broad. It is found in 
the waters of southern Florida and in the Okefenokee Swamp. This alli¬ 
gator is one of the few crocodiles with a yoice. The sounds it makes are 
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like a bellow or roar not unlike the mooing of a cow. During the mating 
season, the male often bellows loudly. 

The eggs of the alligator, which are covered with a horny shell, are 
placed in a nest built of decaying vegetation and mud. Fermentation of 
the decaying vegetation raises the temperature above that of the air 
surrounding the nest, thus hastening the hatching of the eggs. No care 
is taken of the nest after it is made, and the little alligators “shift for 
themselves” as soon as they hatch from the eggs. 

In general, the crocodiles are more active and more vicious than the 
alligators. 

(2) The American crocodile, Crocodilia acuta, is usually found 
in salt or brackish water. The Florida species probably swam across the 
Gulf of Mexico from Mexico. It is distributed along the South American, 
Central American, and Mexican coasts. 

(3) The African crocodile, Crocodilia niloticus, often called the 
Nile crocodile, has a bad name. It grows to about 20 ft. and causes the 
loss of many human lives each year, especially in India. It was held 
sacred by ancient Egyptians. Human sacrifices of young children were 
often offered to some deity by throwing children into the Ganges River 
to be devoured by crocodiles. The practice has been discontinued. The 
crocodile has a tough hide, used by natives as armor. It can be pierced 
by a bullet, however. 

H. The Squamata; Snakes and Lizards. 1. General Features.— 
The animals in this group, chameleons, lizards, and snakes, are the 
dominant group of reptiles living today. Some lizards are without limbs, 
but the majority of them have legs, whereas the majority of snakes are 
limbless, though some have rudimentary hind legs. The skin is shed 
periodically; in the snakes, the skin is shed whole. Before this happens, a 
new skin is formed under the old, and the old skin becomes dead-looking. 
When the snake is about to shed its skin, the transparent scales, including 
the skin over the eyes, become opaque. At the time of shedding, the snake 
is partially blind. The old skin loosens at the comers of the jaws and is 
shed headfirst. As the animal crawls out of the old skin, it becomes turned 
inside out. Lizards shed their skins piecemeal. 

2. Representatives, a. Lizards. (1) The chameleon (Gr. 
chamois on the ground; leon, lion) is able to change its color, but so 
can many other lizards. For example, in the Southern states, there is a 
very common lizard, Anolis, which can change its color from varying 
shades of green to brown. This allows it to be protectively colored. 
One of the common lizards is five-lined lizard (Fig. 323). 

(2) The horned toad, Phrynosoma (Fig. 324), is really a lizard. Its 
body is covered with spiny scales and the projections on the back of the 
head resemble horns. The body is somewhat toad-shaped. 
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(3) The Gila monster, Heloderma auspedum, is the only poisonous 
lizard in the United States. It has poison fangs in the lower jaw, is con¬ 
spicuously colored red and black, and does not try to hide. It lives in 
the southwestern United States. 



Fi3. 323.—Five-lined lizard, Eumeces fasciatus. 




Fis. 324.—-*'Homed toad," Phrynosoma, a lizard that lives in dry places. 

(4) The flying dragon is an oriental lizard. Although a slender 
creature about 5 in. long, it has folded up against each side a large wing- 
like membrane that may be spread out and used as a parachute, enabling 
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the lizard to glide from one tree to another. The wings are brilliant orange 
in color, with black markings. 

(5) The glass snake gets its name from the fact that it has a very 
brittle tail, which breaks off when grasped. It is a legless lizard. 

b. Snakes. (1) General features and habits. —Snakes are usu¬ 
ally without limbs. The exceptions are the tropical pythons and boa 
constrictors, which have rudimentary hind limbs. Movable eyelids and 
external ears are not present in snakes. The eyes are lidless, but the eye is 
protected by a transparent membrane. Except when molting, when the 
transparent skin over the eyes becomes opaque, snakes see well, but the 



Fi$. 325.—An X-ray photosraph of a rattletnake, Crotaluf. Note the larse number of ribs. 

(Courtesy of The Army Medical Museum.) 

sense of hearing is not well develojied. The tongue is an organ of touch. 
It is soft and forked at the end and can be thrust out even when the jaws 
are closed. This is possible because there is an opening present between 
the jaws at the anterior end of the mouth. The sense of taste is of little 
value, since snakes swallow their food whole and sometimes alive. 

There are some peculiarities of structure correlated with the method 
of feeding. The lower jaw is not fixed directly to the skull but is attached 
to the quadrate bone, which is attached to the skull. The peculiar way 
it is attached allows the jaw to move up and down as well as backward 
and forward. The ligaments connecting the jawbones are elastic and the 
two halves of each jawbone are connected with an elastic ligament, allow¬ 
ing each half to move sidewise. On account of these peculiarities, snakes 
are able to swallow fairly large prey, four or five times the diameter of 
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the neck. The teeth axe interesting, for they are replaced when lost. There 
are many teeth present for the purpose of holding the prey. 

When snakes are swallowing their food, they need a special arrange¬ 
ment for breathing. This is accomplished by means of tracheae that 
extend along the floor of the mouth to the teeth. There is also a large air 
chamber behind the lung for air storage. Finally, snakes have active 
digestive fluids to^take care of the large amounts of food that are swal¬ 
lowed at one time. They do not need to eat very often. 

The method of movement is also correlated to the special structures. 
For example, the skeleton has a large number of ribs (Fig. 325), and on 
the underside of a snake are broad plates, the abdominal scutes, to which 



Fis. 326.—Rattlesnake, a poisonous snake. Before striking the snake usually vibrates 
its tail, causing the "rattles** to make a characteristic noise. (Courtesy of The Florida Reptile 
Institute.) 

the ends of the ribs are attached. The ribs and the muscles move the 
plates on the belly, and this enables them to move very rapidly. Some 
snakes can climb trees and swim. Methods of reproduction are mentioned 
on page 464. 

(2) Representatives. —Most species of snakes are harmless, even 
beneficial. The king snake, Lamprojteltis, eats other snakes; the common 
garter snake, Thamnophis sirtalis, and the black snake Colvber constrictor 
are harmless. The puff adder Heterodon contortrix hisses and puffs out its 
neck, but this is a defense reaction. There are poisonous snakes to be 
avoided and dreaded. The pit vipers are poisonous. To this group belong 
the venomous water moccasin, Aghistrodon piscivortts, the rattlesnake, 
Crotalus (Pig. S26), and the copperhead, Agkistrodon mokaaen. They 
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get their names from the fact that they have a jnt located between 
the eye and the nostril. Another distinguishing feature is the vertically 
elongated pupil of the eye. The other snakes have round pupils. The 
long poison fangs are for securing food and for defense. A snake 
“strikes/’ making a wound and forcing poison into it through the 
hollow fangs (Fig. 3^7). If the fangs are lost, they arc replaced. The 
water moccasin, commonly known as the cotton mouthy found especially 
in the South and the rattlesnakes, in the Southwest. The rattlesnake has a 
series of shell-like structures on the end of its tail, the rattles (Fig. 326), 
from which it gets its name. Another poisonous snake is the beautifully 
colored coral i::.iake, MicruruSy found in the South. The brilliant red, 
black, and yellow coloring of this snake is responsible for its several 
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Fig. 327.*—Head of a rattlesnake, Crotalus, fhowing hollow fangs. The fangs have an opening 
near the end through which the poison is squeezed into the object bitten. 


names, harlequin snake and bead snake. Human beings are said to die as a 
result of its bite. It does not strike as other poisonous snakes do but will 
bite when stepped upon or handled. The poison acts on the nerve centers 
rather than on the blood, as does the poison of other poisonous snakes. 

The regal python, Python reticvlatusy is the longest living snake, 
reaching a length of 33 ft. Like the boa constrictor, it is a constrictor and 
crushes its prey to death in its coils. It lives in Burma, Indo-China, the 
Malay Peninsula, and the Philippines. It is an excellent swimmer and 
tree climber, a favorite perch being a limb of a tree near water. Birds and 
small mammals are caught for food. When captured, pythons are quite 
savage and often go on a hunger strike, which can be conquered only by 
forcible feeding. The body of a rabbit or other animal is forced down the 
snake’s throat while it is held out straight by a group of men. 

(S) Snake venoms. —Snake venoms are not all alike, some having 
more of certain types of substances than others. One type of substance is 
cell dissolvers; they seriously injure nerve cells and blood cells and cause 
the rupture of the walls of capillaries; Another type of harmful substance 
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is one containing several elements; it begins to digest flesh as soon as it is 
injected into it. Another substance keeps the blood from clotting. Venoms 
also reduce the ability of the blood to combat serious infections. 

First-aid treatment in snakebite is to tie a tourniquet around the limb 
or body between the bite and the heart, then to make an incision about 
to in. deep and suck out all the poison possible. It is possible to take 
serums for snake poisons, but the antiven ins are specific, and the kind for 
the particular poison received is necessary. 

I. Importance of Reptiles.—As has been pointed out, turtles are prized 
as food by man, some species, as the diamondback terrapin, being espe¬ 
cially sought after. Tortoise shell is made from the horny covering of the 
hawksbill turtle. A synthetic product is replacing this article. 

Alligators and crocodiles have been so much hunted for their skins as 
to be largely depleted in numbers. Alligator leather is in demand for shoes 
and traveling bags of all kinds. In Africa, the natives use crocodile skins 
for armor. 

Snakes are beneficial in general, eating many harmful rodents, field 
mice, gojdiers, and pests of this kind. The insectivorous varieties, such as 
the ring-necked and green snakes, eat many insects; the king snake will 
eat other snakes, both poisonous and valuable types, and rodents. 
Unfortunately, a large number of them will eat birds as well as their eggs 
and so partly nullify the good they do in destroying animal pests. 

There is only one poisonous lizard in the United States, the Gila 
monster, and a relatively small number (22) of poisonous snakes. Students 
of snakes, herpetologists (Gr. herpetoriy reptile; logos^ discourse) agree that, 
although poisonous snakes are to be feared and avoided, snakes do more 
good than harm. 

Questions 

1. What types of animals are found among the reptiles? 

2. Why do you think that the Age of Reptiles must have been an interesting time in which 
to live? 

8. Where did the ancient reptiles live? 

4. What are the general features of modern reptiles with regard to type of blood, skin, 
skull, breeding habits, respiratory system? 

6. What are some general features and habits of turtles? 

6. Describe peculiarities of the turtle skeleton. 

7. Name some representatives of the turtles, and state why they are interesting. 

8. Are turtles long- or short-lived? 

9. What feature makes the Sphenodon such an interesting animal? 

10. How could you tell a crocodile from an alligator? In what country are crocodiles 
sacred? 

11. Name at least three representatives of the lizards, and state why they are interesting. 

12. What features of the homed toad show that it is a reptile and not a toad? 

18. Why is a snake able to swallow animals much larger than the normal size of its mouth ? 
Does the snake possess few or many ribs? 
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14. Why does the snake need a reserve air supply? 

16. Do snakes eat often? Explain. 

16. What poisonous snakes are found in your locality? In what ways may snakes be 
beneficial? 

17. Are snakes cold-blooded or warm-blooded? Is it correct to speak of a slimy reptile? 
Explain. 

18. Why is the number of rattles not a sure sign of the age of a rattler? 

19. Why are snakes practically helpless when shedding their skins? 

20. How does the snake use its tongue? Its poison fang? 

21. What are some effects of certain types of snake venoms on human blood? 

22. Describe an alligator nest. A turtle nest. Are the young of these two animals ever born 
alive? Is this true of snakes? 

. Do reptiles pass through a larval period? Compare with the Amphibia in this respect. 
. What is the significance of the appearance of embryonic membranes? 

26. Define; amniota; plastron; pentadactyl; herpetologist; venom; pineal body; dinos;iur 

Sugsested References 

Ditmars, R. L.: “Snakes of the World,” The Macmillan ('ompany, 1931. 

-; “The Reptile Book,” Doubleday, Doran k Company, Inc., 1907. 



CHAPTER XXXII 

AVES 


Robins and mockingbirds that all day long 
Athwart straight sunshine weave cross threads of song. 

—Sidney Lanier. 

I. General Characteristics of Birds 

The Aves (L. am, bird), or birds, are easily distinguished from all 
other animals, for they alone possess feathers. Many other avian char¬ 
acters are shared by the reptiles. For example, the birds are bipedal; 
so were some of the dinosaurs; the birds have hollow bones, some of the 
ancient flying reptiles also had these. Air sacs are attached to the lungs. 
They have no teeth but possess horny beaks; the turtles have these 
same features. There are many other comparisons that might be cited, 
but in spite of all of these, the birds are a distinctive group especially 
adapted to the life that they lead. They form a more homogenous unit 
than any other group of vertebrates. 

11. Ancestry of Birds 

The birds have so many reptilian characters that it is easy to think 
of them as having kinship with that group. Just how they arose, however, 
is by no means certain. An approach to the study of the possible origin 
of birds is the study of the origin of flight. Ancient, as well as modern, 
birds had flight feathers both fore and aft and were capable of gliding 
from tree to tree. It is not known surely that the dinosaurs were cold¬ 
blooded as were the other reptiles. The bipedal dinosaurs had structures 
more nearly resembling the birds than any other reptiles, and they are 
looked upon by some authorities as the possible ancestors of the birds. 
There are various theories as to the possible ancestry of birds but to 
date none of these has been proved. 

One fossil bird gives some idea of what the primitive birds were 
like, the Archaeopteryx (Gr. archaios, ancient; pteryx, wing) (Fig. 328). 
It was about the size of a crow, had teeth in sockets, three free fingers 
for climbing, flight feathers on its legs, and a tail like a lizard’s. The 
21 vertebrae in this tail were separate, and there were flight feathers on 
both sides for its full length, quite different from the tail of a modem 
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bird. This bird could not have had the power of active flight, for the 
sternum was small and keel-less. It could not, therefore, have supported 
the large pectoral muscles of the modern bird. It was probably a glider. 
There were many other reptilian characters, but enough have been 
given to show that the Archaeopteryx was a true coimecting link between 
the reptiles and the birds. 



Fig. 328.—Restoration of the Archaeopteryx, a primitive Jurassic bird showing many 
reptilian features. (After Romanes, Darwin and after Darwin, The Open Court Publishing 
Company.) 

Fossils of birds are rare, but the fact that extinct forms had teeth and 
other reptilian characteristics establishes their ancestry with fair cer¬ 
tainty, though the exact line of descent is not known. 

III. Classification 

At the end of the chapter will be found a list of important orders of 
birds. There is much difference of opinion as to the classification of birds 
among specialists who study them, ornithologists (Gr. ornis, bird; 
logos, discourse). 

Subdasg or Grade I. Archaeornithbb (page 479). Extinct birds, which include the 
Archaeopteryx and Arehaeomis, 

Subclass or Grade II. Neornithes (page 495). All other birds. 

Subdivision 1. Raiitae (page 495). Running birds without a keel. 

Subdivision 2. Carinatae (pages 495-496). Birds having a sternum with a keel; most birds. 



AVES 


481 


IV. Structures of Bids 

A. Extenud Featoes. 1. Divisions of the BoDv.-The bodv of a 

IT ® a neck, and trunk portions (Fig 329) 

a. The Head.-Th. head is prolonged in front into a belt Thk 
,. varied in size and shape. It is one of the characteristics bv which 
•..rd. .re .de.ti(ied (Fig. 3S0). The bird il for (o^ 


-FOREHEAD 


UPPER MANDIBLE „ 
LOWER MANDIBLE- 


SCAPULARS 





BREAST- 

PRIMARY COVERTS- 


SECONDARIES 
ABDOMEN- 

HEEL JOINT — 
TARSUS - 


/I. 

k / 


UNDER COVERTS 


“Tail feathers 


FIj. 329.— A typicaf bird/ the important rasioni indicated. (B. F. Edwards.) 


tool for the construction of nest, and as a toilet instrument for preening 
feathers. In some birds at the base of the beak is a bare region, the cere 
(ir. cero, wax). Ihe two slits usually near the posterior part of the bill are 
the ^stnls; these communicate with the throat and are used in breath¬ 
ing. On either side of the head are the eyes. These have three eyelids 
upper and lower, and a third one, the nictitating membrane (L. nwjto, wink). 
The nictitating membrane can be drawn across the eyeball from the 
mner to the outer side, thus covering the entire eye. The ears are behind 
and below the eyes. They are protected by a ring of feathers. 
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SEIZING 'SCOOPWO* STIUMIN6 


DUCK 

NECTAR 

COLLECTWO 

HUMMING BIRO 

CATCHES INSECTS ON 
WING 




WHIPPOORWILL 



OUOK 




nSHING 




SPARROW THRUSH 


CRUSHIN6-CUMBIN6 CONE OPENING 


CROSSBHX 




Specialized use 

Special structures 

Examples 

Seizing 

Narrow saw-edged bill for seizing fish under water 

Merganser 

Scooping, straining 

Broad for scooping, comb-like edges for straining 



ojft particles of food from water 

Duck 

Fishing 

Narrow, spear-like. The bird dives for fish 

Kingfisher 

Nectar collecting 

Long slender bill for collecting nectar and small 



insects from long flower tubes 

Hummingbird 

Storage 

Bag-like structure on lower bill for collecting and 



catching fish 

Pelican 

Tearing 

Curved, hooked beak for tearing flesh of animals 

Eagle 

Seed crushing 

Short, stout bill with broad base 

Sparrow 

Insect eating 

Long, slender bill 

Thrush 

Catching insects on 

Wide, weak bill with bristles which aid in capturing 


wing 

insects on the wing 

Whippoorwill 

Boring 

Chisel-like for drilling holes in bark in search of 



insects 

Flicker 

Crushing, climbing 

Curved, hooked 

Paroquet 

Cone opening 

Upper and lower parts of bill crossed. Useful in 
prying up scales of cones, seeds are then collected 



with the tongue 

Crossbill 


Fig, 330.—Special adoptetiont of bini't bills reveal food habib. 
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b. Neck .—The neck is long and flexible. In some birds, like the owl, 
it is so flexible that the head can be turned around so that it faces back¬ 
ward instead of forward. When the bird flies, the neck aids in keeping the 
proper balance. 




Special 

Purpose 

Special Structures 

Examples 

Wading 

Long legs, toes on same level 

C’oot, Heron 

Swimming 

Web between the toes 

Duck 

Scratching 

Strong blunt claws on end of tops; 3 toes in front, 1 toe at back 

Chicken 

Climbing 

Sharp claws, 2 toes front, 2 at back 

Woodpecker 

Perching 

Foot locks or clasps perch, 3 toes front, 1 at back 

Blue Jay 

Fighting 

Spurs 

Rooster 

Grasping 

Curved, sharp claws for grasping 

Eagle 

Running 

Strong muscular legs 

Ostrich 


Fig. 331 .—Special adaptotiom pf birds* feet 


c. Trunk and Limbs .—The trunk is spindle-shaped rad the modified 
forelimbs, the wings, are folded on either side of the body when the bird 
is at rest.. The hind limbs, thd legs, are covered with homy scales, and 
the feet usually have four toes, each of which is provided with a claw. 
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Claws are sometimes called talons (L. talus^ the ankle» heel) and are useful 
to different birds in different ways (Fig. 331). 

The wings, as already noted, are modified forelimbs and are adapted 
for flying. The shoulder is braced by three bones instead of two, as in man. 
They are the wishbone, the shoulder blade, and the coracoid. This 
arrangement gives strength to the wing. The muscular forelimb is 
covered with feathers, the long flight feathers being attached along the 
posterior margin. 

d. The Tail .—At the posterior end of the body is the tail, the fleshy 
part being concealed by the feathers. The bird can spread out its taii 
feathers fanwise. The tail is used in balancing but is perhaf)s more 
useful as a sort of rudder in flying. It serves the same purpose as the 
rudder of a boat or an airplane; i.^., it is used for steering. In some birds, 
as in woodpeckers^ it may be modified as a supporting organ (Fig. 342). 

At the base of the tail, on the dorsal surface, is an oil gland. The bird 
presses out a drop of oil from this gland with its bill and spreads it over 
the feathers. This keeps them in good condition. 

2. Feathers, a. Structure and Types .—^Feathers arc remarkable 
structures arising from the epidermis. Note the parts of a feather in 
Fig. 332. The stiff portion is the shaft; the expanded portion, the vane; 
the quill is embedded in the skin. In Fig. 332, a portion of the vane has 
been enlarged to show its structure. Tiny barbules hook over one another 
and hold the parts of the vane together. The interesting thing is that if a 
strain is put on the vane, it will “split,'^ but the bird can run its bill over 
it, and it is then as good as new again. The shaft of the feather is hollow, 
thus making it lighter. Feathers are so constructed as to secure a maxi¬ 
mum of lightness, yet they are relatively strong. 

Feathers are of use to the bird in many ways. The contour feathers 
form a smooth outside covering over the spindle-shaped body; the 
down feathers next to the body help retain the body heat; the wing 
feathers form an air-resistant expanse essential for flight; the tail feathers 
may aid in balancing, may act like a rudder, or, in some cases, as a prop 
(woodpeckers). 

6. Tracts .—Feathers grow on the body in definite tracts, and these 
tracts differ in different birds (Fig. 333). Most birds have areas under the 
feathers that are quite bare. 

c. Moltirtg .—Birds shed their old worn-out feathers, usually in the 
fall, and get a complete new set. Some molt regularly twice a year; others 
shed only partially in the spring. The qhange in color plumage in the 
spring may be due to a chemical change in the feathers themselves, the 
tips of the feathers may be broken off, or there may be a partial molting. 
The change in color, when it occurs, is especially noticeable in the male. 
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d. Coloration .—The color in feathers may be due to (1) chemical pig¬ 
ment that is produced by the bird itself or {%) to physical structures. The 



Fig, 332,—Fcathcff. (A) Flight or contour feather. (B) Down feather, (C) Filoplume, or hair 
feather. (D) Part of a contour feather magnified to show barbs and barbules. (M. Price.) 



Fig, 333.—^Feather tracts df a pigeon. (A) Ventral. (B) Dorsal. (From Nitzsch.) 

feathers may be covered with a transparent outer layer that interferes 
with the rays of lights breaking them up after the manner of a prism. 
Reds, yellows, and browns may be of this type or due to pigment. Or the 
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feathers may be covered with fine striations or ridges that will do the 
same thing. The metallic colors and blues, as in the blue jay, are of this 
type. Sometimes the two types are combined with striking effect. 

(1) Protective coloration. —^Although many birds are brilliantly 
colored, many of them are protectively colored, especially the females. 
Many types of females can scarcely be seen as they sit on their nests. 

(2) Male plitmagb and secondary sexual characters.—^T he 
brilliant plumage of some male birds is familiar to everyone. In addition, 

CeitESRUII 



Fis. 334.*—{A} Diasram showins tha internal orsans of a male bird. The air sacs connected 
with the lun^s have been omitted. (B) Part of the digestive system of a chicken showing 
relations of the crop, glandular stomach, and intestine. (L. Runyon.) 


combs, wattles, extra-long spurs, and the crow of domestic chickens are 
well known. 

B. Internal Anatomy and Physiology. 1. Digestion. —^The food of 
birds is varied. They may not eat much at one time, but they are almost 
constant feeders. Some are vegetarians and eat seeds mostly; some are 
carnivorous; i.e., they eat worms, insects, and other animals; still others 
thrive on a mixed diet; finally, birds of prey eat many types of animals, 
carrion, etc. Since birds depend largely upon flight for safety, their meals 
are very often interrupted. The digestive system allows them to feed 
quickly and to store food. The mouth cavity opens into the esophagus, 
which is expanded into a crop. Here the food is stored and softened. The 
stomach consists of two parts, a glandular stomach, the proventriculus, in 
the wails of which the gastric juice is secreted, and a muscular gizzard 
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(Fig. 334-4 and B). The gizzard contains sand and bits of gravel, which aid 
in grinding the food. The intestine, made up of the ditodenum^ the ileum^ 
and the large intestine and rectum^ follows the gizzard. Its posterior end 
expands into the rectum, which leads into the cloaca. No gall bladder is 
present, but the bile ducts empty into the upper part of the intestine 
(duodenum). The pancreas also pours its secretion into the upper part of 
the intestine. Two blind caeca are at the junction of the large and small 
intestine. 

When drinking water, many birds lean over, take a beak full, then 
tip up the head, and allow it to run down the throat. 

Circulation. —^The vascular system is much like that of crocodiles 
in some respects; in others, it resembles that of mammals. There is only 
one aortic arch in the adult, the right, instead of two, as in the reptiles. 
Mammals have only one aortic arch, but it is a left and not a right aortic 
arch, as in birds. The heart is four-chambered, the right and left halves 
being entirely separated. Where the blood vessels enter or leave, it is 
guarded by valves, and there are valves also between the auricles and 
ventricles. The venous blood enters the heart directly through the right 
and left precava and the single postcava and not through a sinus venosus. 
From the right auricle the blood goes to the right ventricle and is pumped 
out through the pulmonary artery, which divides and sends branches 
to the right and left lungs. The oxygenated blood is returned to the left 
auricle by the two pulmonary veins, and from there it goes into the left 
ventricle, out through the aortic arch, and, finally, through the dorsal 
aorta to all parts of the body. The precavae bring the blood back from 
the head region, and the postcava brings it back from the posterior 
regions. These veins empty the venous blood into the right auricle, and 
so the circuit in the closed system is complete. The blood vessels that 
enter and leave the heart are located near the median line of the thoracic 
cavity, held in place and surrounded by a double-walled membranous 
sac, the pericardium. The lymphatic system is of the open variety. 

3. Respiration and Voice. —Birds use up so much energy in flying 
that they must have a ready oxygen supply* The unique respiratory 
system provides for eflBicient distribution of food and oxygen to the tissues 
and the collection of wastes to be eliminated. The air enters the mouth 
through the nostrils and goes into the trachea through the slit-dike glottis 
in the anterior wall of the pharynx. The trachea, or windpipe, is kept 
open by rings of cartilage. It bifurcates, sending a branch to each lung. 
Here the branches divide and subdivide. Small branches of the tubules, 
bronchioles^ carry the air into the alveoli or air spaces. Through the walls 
of the alveoli, the respiratory exchange of gases takes place with the blood 
in the capillaries. The lungs are not unduly large, but their capacity is 
greatly increased by a connection with the bronchi of nme air sacs. 
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These lie along the sides and dorsal surfaces of the body cavity, and small 
branches penetrate the bones. This greatly increases the surface for 
exchange of blood through the blood capillaries. Another feature of bird 
lungs is that there is a system of excurrent bronchi through which air 
is carried out without interfering with the air coming in the incurrent 
bronchi. Air is forced into the lungs and sacs as the bird moves rapidly 
in the air and is forced out by compression of the pectoral muscles that 
lower the wings. It is possible thus for the bird to breathe easily when in 
flight. 

Birds require tremendous energy for flying, which they obtain by 
rapid oxidation, thus using up large amounts of oxygen. The tempera¬ 
ture of the bird’s body ranges from 102 to 110®F. (degrees Fahr¬ 
enheit = 38+ to 43+°C.). Rapid oxidation naturally results in the pro¬ 
duction of the large amount of waste materials. Since the circulation of 
the blood is rapid, respiration in the lungs is very eflBcient. 

The Voice .—Where the trachea divides into the two bronchi, there 
is an enlargement to form the vocal organ, the syrinx (Gr. syrinx^ a pipe), 
a structure possessed only by birds (Fig. 334). It contains a valve and 
muscles that alter the tension of the valve. Altering the tension changes 
the pitch; the narrower the slit the higher the pitch. This flexible valve is 
vibrated when air is forced through it from the lungs. Many birds have 
beautiful songs, especially in the mating season. In addition, most calls 
are distinctive and are easily learned. 

4. Excretion. —The kidneys arc metanephric and trilobed. Ureters 
from the kidneys empty into the cloaca. There is no urinary bladder. 

5 . Coordination and Special Senses. —The cerebrum is larger than 
that of the reptiles, but compared with the brains of mammals, the 
cerebrum is small, and the optic lobes are large (Fig. 334). That the 
vision of birds is keen is indicated by the way in which some of them 
obtain their food. Birds of prey are “eagle-eyed” and can see long dis¬ 
tances. Water birds that fly high over water may suddenly “plummet 
down” and seize a fish that they have sighted from far away. Birds 
possess “near-sight,” also, or they could not build their nests so precisely. 
The eyes have the usual structure of the vertebrate eye. Suspended in 
the vitreous humor is a fan-shaped, highly vascular pigmented body, the 
pecteUf the function of which is not known. Suggestions have been made 
that it may have something to do with the nutrition of the eyeball or 
that it may assist in the process of accommodation, so remarkably de¬ 
veloped in birds. The eyelids have been mentioned, an upper and lower 
movable lid and a nictitating membrane that can be drawn from the 
inside inner angle of the eye outward to cover the eye. 

The flight of a bird among the branches of a tree without striking one 
demonstrates its splendid coordination. A naturally good eye, correlated 
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with a reflex center that is highly efficient, is responsible for this. The 
very large and much convoluted cerebellum (Fig. 334) is correlated with 
the delicate sense of equilibrium and the great power of muscular co¬ 
ordination belonging to birds. 

The cochlea of the ear is more complex than that of reptiles. Birds 
must hear well, since they are singing animals. The Eustachian tubes 
open by a single aperture in the roof of the pharynx. 

The olfactory lobes of the brain are small, indicating the develop¬ 
ment of a poor sense of smell. The sense of taste is present but not well 
developed. 

6. Motion and Locomotion. —^The voluntary or skeletal muscles of 
birds are striated. Those of the back are much reduced, but those of the 
neck, breast, and the limbs are highly developed. The muscles of the 
breast of the bird are highly developed, since they are used in flying (Fig. 
334). These muscles constitute the familiar “white meat'’ of the chicken 
or turkey. The breastbone is modified in the shape of a keel in most birds. 
This permits the attachment of the heavy breast muscles. The mass of 
muscle is divided into two parts: a tough outside portion, which takes 
care of the downstroke of the wing, and an inside portion, which is used 
for lifting the wing on the upstroke. Naturally, this second portion does 
not have as much work to do and so does not have to be so strong. It 
is the “tender” part of the “white meat” of the bird. 

The muscles of the leg are well developed for bipedal locomotion and 
for perching. A bird is able to perch, even when asleep, because of the 
arrangement of certain muscles and tendons. If the hind limb is bent, as 
from the weight of the body, a pull is exerted on the tendons that flexes all 
the toes and causes them to grasp the perch automatically. 

7. Support. —The skeleton of the bird represents many modifications 
that are the result of the adaptation of flying. The skull bones are thin 
but are so fused that the sutures between them are lost. There are no 
teeth in modem birds. The neck is flexible, the cervical vertebrae, the 
articulations of the centra being saddle-shaped or heterocoelus (Gr. 
heterosy other; koiloSj hollow). This allows use of bill for nest building, 
preening of feathers, feeding, and other purposes. The trunk skeleton is 
rigid, the vertebrae being almost completely fused together, and there is 
an additional bracing of the sides by short projections extending backward 
from some ribs and overlapping the succeeding rib. These are the uncinate 
'processes. For the attachment of flight muscles, there is a pronounced 
heel on the sternum. There are six movable vertebrae in the tail and a 
pygostyle formed by the fusion of the last four caudal vertebrae. The 
pygostyle supports the large tail feathers. Because of the ability of the 
bird to move the tail, the pygostyle can be used as a balancer when the 
bird is standing or perching and as a rudder when the bird is flying 
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a. Pectoral Girdle and the Wing, —^The sternum with a keel or carina 
has been mentioned. In addition to this, the pectoral girdle consists of 
the scapulae^ or shoulder blades, and the fused clavicles, these being united 
in the middle to form the wishbone, or furcida. The coracoids connect 
the sternum with the anterior ends of the scapulae at the shoulders. 
The wing bones are the humerus^ the radius^ and the wiwa, the carpus^ 
carpometacarpusy and the three digits. For the formation of the carpus 
and the carpometacarpus, there has been fusion of bones. The digits are 
a preaxial digit with one small bone, which supports a small tuft of feath¬ 
ers, known as the bastard vnng; a middle digit with two bones; and 
a postaxial digit with one small bone. 



Fis. 335.—Di« 9 r«m of the €99 of a bird. (From Wolcott, Animal Bioio 9 y.) 

b. Pelvic Girdle and the Legs, —The pelvic girdle is strongly fused to 
the backbone by the ilia to form a strong support for the legs. The ilia 
are also fused to the ischium and pubis in the adult. The leg bones are 
a short thick femur; a knee cap, the patella; a tibiotarsusy made up of a 
large tibiay a small fibula and some of the proximal tarsal bones being 
fused with it; the tarsometatarsusy formed by the fusion of distal tarsals 
and proximal metatarsals, and four digits ending in curved claws. One 
of the digits extends backward in many birds and is used for grasping a 
perch. There are two movable joints in the leg, the knee joint and the 
metatarsal jointy the latter being peculiar to birds and dinosaurs. Birds 
walk on their tods. 

8. Reprodtjction. —The paired testes in the male empty into the 
cloaca through the sperm ducts or vasa defererUia, The posterior end of 
the sperm duct is expanded into a seminal vesicle for the storage of sperm. 

In the female of most birds, only the left ovary and oviduct are devel- 
oped| the right ovary and oviduct being vestigial. In a few birds, as in 
some hawks, both ovaries and oviducts are developed. 




AVES 


491 


Although some birds, such as ducks and geese, have copulatory organs, 
in most cases the sperm are transferred by the male directly to the 
cloaca of the female. The sperm find their way through the oviduct to 
the anterior end. 



Fig. 336.—^The development of the chick. (1) '^Germtpot/' or blastoderm, at it appears 
when placed in the incubator. (8) (3) At the end of three days, the circulation is well estab¬ 
lished. (4) (5) (6) Successive stages of development The eggs of chickens usually hatch 
in 81 days. (Courtesy of Ralston Purina Company.) 

Eggs are produced in the ovary. When mature, they drop into the 
body cavity; here they are fertilized while still near the ovary. They 
then find their way into the oviduct. As they pass down the oviduct, 
the "‘white” of the egg is added to the yolk. This “white” substance, the 
albumen, is secreted by glands in the walls of the oviduct. Then the 
shell membrane, a double structure, encloses the egg (Fi^. 335). Finally 
a shell, secreted by a shell gland in the lower part of the oviduct, is added- 
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At the time the egg is laid, the future chick has developed very little 
(Fig. 336). But no further development takes place unless the eggs are 
kept warm imder the bird or in an incubator. The eggs of chickens hatch 
in 21 days. The eggs of birds do not require the same amount of time for 
hatching; for example, the eggs of the cowbird hatch in 10 days, whereas 
those of the ostrich hatch in from 50 to 60 days. EmbVyonic membranes, 
the amnion and chorion, develop as in the reptiles (Fig. 337). Young 



Fig. 337.—E«rly development of a bird showing functional yolk sac. The allantois has 
respiratory and excretory functions. (From Wilder/ History of the Human Body/ Henry Holt 
and Company/ Inc.) 

birds are of two general classes, those born naked and helpless, altricial 
(L. aUrix^ nurse), and those able to run around as chickens do shortly 
after hatching, precocial (L. prae^ before; coquere^ to ripen). Altricial 
young remain in the nest for a few days; precocial yoimg are covered 
with down and are able to follow the mother about soon after batching. 
Young quail are good examples of a precocial type of bird. 

V. Special Adaptations and Activities of Birds 

A. Beaks and Feet.—^The beaks and feet of birds show remarkable 
fitness for the use to which they are put. Birds of prey have strongs 
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hooked beaks, and birds that eat insects have bills more slender than 
those of the seed eaters. The crossbill has a bill especially adapted for pry¬ 
ing up the scale of a cone. It then secures the seed with a specially adapted 
tongue. It is so specialized that it cannot pick up seeds from level surfaces. 
Figure 330 shows other types of bills especially adapted for securing the 
type of food used by the bird. The feet are no less adapted for its activ¬ 
ities sych as perching, wading, and swimming (Fig. 331). 

B. Migrations.—Birds are not the only animals that migrate. The 
general subject of migrations is discussed in Chap. XLVI. However, it 
may be mentioned here that one of the most remarkable phenomena of 
bird life is their migrations. Not all birds migrate, but some do migrate 
great distances, as that recorded for the arctic tern (Fig. 338), which nests 
on the arctic shores, and, when the young are able to travel, migrates 
southward to spend the southern summer in the Antarctic, a distance of 
over twenty thousand miles, returning to spend the northern summer in 
the Arctic. They have one breeding season and nest in only one region. 
No satisfactory explanation has been offered as to how they find their 
way, even in the darkness, but several theories are offered, such as in¬ 
fluence of temperature and food supply and a good sense of direction. 

C. Songs.—Birds have various call notes, some birds being particu¬ 
larly gifted. In the South, the mockingbird is a good mimic and has a 
beautiful song of its own. Thrushes, cardinals, thrashers, many of the 
sparrows, warblers, and others too numerous to mention have character¬ 
istic and beautiful songs that may be recognized with a little care and 
patience. The nightingale, famed in poem and story for its song, does not 
live in the United States. 

D. Nest Building and Care of the Young.—Birds exhibit an amazing 
variety of nest-building architecture. There are the hummingbird’s del¬ 
icately built nests of moss and lichens, lined with thistledown, the rude 
platforms of twigs of the mourning doves, and the barely scooped-out 
nests of some of the shore birds. Then there are the birds that not only 
do not build their nests but lay their eggs in the nests of other birds and 
have the eggs incubated by the owners of the nests. Examples of this 
type of behavior are the American cowbirds and the European cuckoo. 
Nests are usually hidden, and the eggs bear characteristic markings for 
each species. They vary in size from the J^-in. eggs of the hummingbird 
to the 3-lb, ostrich eggs. In some, the male and the female take turns, 
and in still others, as the ostrich, the male does most of the incubating. 

As already noted, two general classes of young are recognized: those 
that are able to care for themselves as soon as hatched and others that 
are entirely helpless. These are watched over and fed by both male and 
female until they are able to care for themselves. For other adaptations 
of birds, see Chap. XLVI. 
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Fig. 33S.--"Distril>iition and migration of dtt Arctic tarn. Sterna paraditaea. The route 
indicated for this bird ii unique at no other tpeelet it known to breed abundantly in North 
America and to crott the Atlantic Ocean to and bom the Old World. The extremet of tummer. 
and winter homes are 11,000 miles apart and the route taken is circuitous. These terns prob* 
ably ily 25,000 miles each year. (From U.S. Department of Agriculture Clic. 363.) 
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VI. importance of Birds 

Besides furnishing food for man in the form of meat and eggs and 
furnishing feathers for ornamentation and for use in pillows, feather beds, 
and coverings, birds are very useful in destroying insect pests as well as 
many weed seed. They are truly friends of the farmer, and the good they 
do can hardly be estimated. In Salt Lake City is a monument to sea 
gulls. In 1848-1849 the crops of Mormon pioneers were threatened by a 
scourge of crickets, but the gulls arrived and saved the day. The benefi¬ 
cial effect of most birds of prey in destroying mice, rats, ground squirrels, 
etc., has been mentioned. 

In certain regions of the world are deposits of guano, the excrement 
of sea birds, useful for fertilizer. Peru has valuable deposits. 

Bird songs give an esthetic pleasure. The hobby of studying birds 
is a good one, since not only is it interesting but it takes the student 
outdoors. 


VII. The Orders of Birds 

Ornithologists do not agree to the classification of birds. More 
than fourteen thousand species of living birds have been described. 
They are not so sharply separated into groups as are the other classes. 
About 25 orders are recognized. Many of these are represented in Fig. 
51 ; others are illustrated by photographs. 

Subclass II. Nbornithes (page 480). 

Division I. Ratitae (L. ratis, a raft) (page 480). Young are precocious. 

Order 1. Struihioniforvies (L. stnUhio, an ostrich;/ormo, appearance). Terrestrial birds 
that have lost the power of flight; naked head, neck, and legs; African ostrich (Fig. 
839). 

Order 2. liheiformes (L. Rhea, the genus of American ostrich). Ostrich^ike, flightless 
birds with naked head, neck, and legs; American ostrich. 

Order 3 . Casnariiformes (L. casuarius, a cassowary). Ostrich-like birds with small 
rudimentary wings; cassowary, emu. 

Order 4. Apterygiformes (Gr. a, not; pteryx, wing). Small birds withWiair-like feathers 
and rudimentary wings; Hm (Apteryx), 

Division II. Carinatae (L. carina, a keel). Birds with keel on breastbone, to which muscles 
are attached. 

Order 3. Crypturiformes (or Tinamiformes), Flying terrestrial birds with short tail; 
no pygostyle; related to the Ratitae, but breastbone is keeled. 

Order 6 . Sphenisciformes [Gr. spheniskos, a little wedge (wing shape)]. Flightless marine 
birds with small scale-like feathers; wings modified as paddles; 'penguins. 

Order 7. Gatdiformes (Oavia, the loon). Aquatic birds with legs far back on the body 
and webbed feet; loans. 

Order 8. Colymbiformes (Gr. columbus, a diver). Aquatic birds with legs far bade on the 
body, toes lobed; grebes. 
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Order 9. ProceUariiformes (Procellarta, the stormy petrel). Marine birds with webbed 
feet and powers of great flight; albatrosses and petrels. 

Order 10. Pelecaniformes (L. pelicanu^t a pelican). Swimming birds with webbed toes; 
pelicans and cormorants. 

Order .11. Ciconiiforme,^ (L. ciconia^ a stork). Stork-like, long-legged, wading birds; 
herons, ibises, flamingos (Figs. 340 and 341). 

Order 12. Anseriformes (L. anser, a goose). Goose-like birds: aquatic; beak covered with 
soft, sensitive membrane and edged with horny lamellae; feet webbed; geese, svmns, 
(hwks. 



Fis. 339.-*-Ostrlchet, Siruthio, and their esss. (Courtesy of the California Zoological 

Society.) 

Order 18. F^lconiformes (L. falcon, a falcon). Falcon-like birds; carnivorous; curved 
beak, hooked at the end; sharp claws on feet adapted for perching and seizing prey; 
eagles, hawks, vuUurcs, 

Order 14. Galliformes (L. gallus, a cock). Fowl-like birds; terrestrial or arboreal birds 
with feet adapted for perching and scratching; pheasants, quail, domestic fowls. 

Order 15. Qruiformcs (L. grus, crane). Crane-like birds; mostly marsh birds; wading 
birds with feet not webbed; neck extended in flight; cranes, rails. 

Order 16. Ckaradriiformes (Charadrius, a genus of plover). Plover-like birds; smaU 
shore birds, usually long-legged and long-billed; plovers, guUs, terns (Fig. 342^). 

Order 17. Columhiformes (L. columha, a pigeon). Pigeon-like birds; birds with short 
bill and short wing; pigeons, doves. 

Order 18. Psittaciformes (L. psiUactis, a parrot). Parrot-like birds; four toes, two in 
front and two behind; heavy hooked biU; parrots. 


AVES 


497 


Order 19. Cuculiformes (L. eucvlus^ a cuckoo). Cuckoo4ike birds; perchiag birds with 
two toes in front and two behind; long compressed bill; long tail; cuckoo. 



Fig. 340.-—Egrtt/ Herodiai egretta/ and their nests in Egret Sanctuary^ Avery Island/ La. 
(Courtesy of E. H. Mclihenny.) 
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Fig. 342.—(A) Least tam, Slema antilfarum, and nast which It a slight daprassion in tha 
sand. (Don Eyiat.) (B) Vallow-balllad sapsuckar, Sphyrapicus varius varius. The tail faath* 
art of this woodpecker are especially stiffened so that it may be used as a prop. Tha toes 
of tha feat are especially adapted for climbing and tha chital-lika bill is also especially 
adapted for its work. (Courtesy of U.S. Biological Survey.) 
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Order 21. Caprimtdgiformea (Caprimulgus, generic name for European goatsucker). 
Goatsucker-like birds; short-billed, wide-mouthed birds with long, pointed wings; 
nighthawk; whippoorwilL 

Order 22. Mieropodiformes (Gr. mikroii, small; pau^, foot). Swift-like birds with small 
feet; either wdth long bills, as the hummingbirds, or short bills and wide mouths, as 
the swifts. 

Order 23. Caraniformeit (Cir. a crow). Kingfishers, etc. In some species the bill 

is straight, pointed and long; legs small; kingfishers, hornhiUs (not crows). 

Order 24. Piciformes (L. jncns, a woodpecker). Woodpecker-like birds; climbing birds 
with heavy pointed bills and stiff tail feathers used for propping body against tree; 
woodpecker (Fig. 342); Unican. 

Order 25. Passeriformes (L. passer, a sparrow). Sparrow-like birds; small or medium¬ 
sized; large group containing more than half the knowm species of birds; the 
common perching birds or songbirds; larks, swallows, crouds, jags, starlings, wrens, 
nuthaich, creepers, hlackhirds, iaringer, sparrov?s, etc. 

VIII. Interestins Birds 

A few birds are so interesting as to be worthy of special mention. Ofily 
some of the forms frequently mentioned in song and story, which have 
some very unusual features, can be included here. 



Fig. 344.—^Two birds which hav« recently become extinct (A) The greet euk^ Platitus 
impennis, extinct since 1842. (B) Dodo, Didtis ineptus, now extinct, though seen alive as late 
as 1681. (Courtesy of The American Museum of Natural History.) 

A. Dodo (Fig. 8441?). —In Portuguese, the word dodo means simpleton. The bird was so 
named because the Portuguese sailors who foimd it on the island of Mauritius found it 
sluggish. It was flightless and easy to capture and was last seen alive about 1081. “Extinct 
as a dodo** is an expression often used. 
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B. Lyre Bird (Fig. 845).—This famous bird is famous for its tail, shaped like an ancient 
lyre. It is developed in the male bird and is a secondary sexual characteristic. They are 
about the size of chickens. 

C. Birds of Paradise.—^The plumage of the male birds of paradise is magnificent and well 
deserves its reputation as the most gorgeous in the bird tribe. They are not large birds, 
many of them being not more than 6 or 8 in. long. 

D. The Great Auk, or Garefowl (Fig. 844^).—^Tbis bird has become extinct within the 
last hundred years. It was unable to fly, and large numbers nested on the coasts and islands 

in the North Atlantic. The eggs were used for food, the 
birds for meat, and the feathers for pillows and feather 
beds. This is another case of extinction due to man. 

The greairauk has many relatives, the auks, which 
are diving birds, forming much of the bird life of the 
Arctic seas. They nest on cliffs, a female laying a single 
egg on the rocks; no nests are made. 

E. Pelicans.—These birds usually live in companies. 
They have peculiar pouches hanging from the lower bill, 
which may be 18 in. long and 6 in. deep. It may serve as 
a scoop net for catching fish. 

F. Egrets, or Snowy Herons (Fig. 841).—One of the 
most beautiful of the herons is the egret. It faced extinc¬ 
tion Ixjcause its nuptial plumes, the aigrettes, long, white 
plumes like spun glass, were prized for ornamentation of 
ladies’ hats. These plumes grow' out from the back of th(‘ 
birds during the nesting season and can be obtained only 
by shooting the birds. Since they live in rookeries, they 
are easy to cjipture. Laws protecting these birds hnw 
saved them from extinction, and their former rookeries 
in Florida are being reestablished. 

G. The Albatross.—Even long ago, sailors considered 
it unlucky to kill the albatross. And anyone who has 
read Coleridge’s “Lay of the Ancient Mariner” is not 
likely to forget “instead of a cross, an albatross around 
my neck was hung.” The albatross is famous for its 
marvelous powers of flight and for its long, narrow wings, 
which may reach a length of 8 ft. or more. 

H. Flamingos.—-f/amingios nest in large colonies. There is a colony now established at 
Miami. They are beautiful in color, being scarlet or pink. They have peculiar bills, sharply 
curved, black on the end, yellow at the base, and orange in the middle. 

They build very curious mud nests about 1 ft. in height, 18 in. in diameter at the base, 
and about 1 ft. at the top. The egg that is laid in a hollow at the top of this structure is thus 
protected from rising w'ater. ** 

I. Swans,"—White swans are pure white except for a black bill with a yellow spot at the 
base, black feet, and eyes with a brown iris. There is a black species also. The yoiuig, when 
hatched, are called cygnets. They are grayish brown, but their plumage changes to white as 
they grow older. 

J. Secretary Bird.—This curious-looking bird from South Africa gets his name from the 
feathers on the head, which can be raised when the bird is excited, giving it the appearance 
of a pencil behind the ear of a clerk or secretary. They are long-legged, awkward birdg, 
protected because they kill snakes. 
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Questions 

1. What are some of the reasons for thinking that birds have reptilian ancestors? 

2. Describe the reptilian characters of the Archaeopteryx, Why is it classed as a bird? 

3. Do any living birds have teeth? Name some toothed birds. 

4. Are there any peculiarities in the neck of an owl? What is the role of the neck of birds 
in flying? 

6. What are the peculiarities of the wings of a bird? Why would you say that they had 
been greatly modified since the time of the Archeopteryxf 

6. Describe the types of feathers. What is the role of each type? Do they grow evenly on 
the body? 

7. How is color produced in birds? Do you know any cases of protective coloration? Is 
the usual more sober coloration a protective device? Explain. 

8. Name at least three secondary sexual characters of roosters. 

9. How is the voice of the bird produced? 

10. What are some of the peculiarities of the skeleton of the bird? How is this related to 
the flying habit? 

11. Describe the digestive organs of birds. 

12. Compare the power of coordination of the bird and that of other lower animals. How 
is it possible for birds to fly so quickly among branches ? 

18. Where are the eggs fertilized in birds? What is the state of the bird egg w’hen it starts 
down the oviduct? What parts are derived from the oviduct? What is the state of the 
egg when laid? 

14. How long must a hen’s egg be incubated before hatching? At what temperature must 
hen’s eggs be kept ? 

16. Describe ten types of birds’ nests. 

16. Describe some migratory birds. 

17. Why should most birds be protected? Why are birds spoken of as ** the farmer’s friend” ? 
Do you know any birds that are scavengers? 

18. Discuss some adaptations and special activities of birds. r 

19. Name at least two birds recently extinct. 

20. What are some interesting types of birds? ^ 

21. Define, as related to birds: cere, talon, molt, crop, syrinx, geriOinal disk. 

Suggested References 

Allbn, a. a.: ”The Book of Bird Life,” 1). Van Nostrand Company, Inc., 1930. 

Chapman, F. M.: ” Handbook of Birds of Eastern North America,” D. Appleton-Century 
Company, Inc., 1930. 

Hbgnbe, R. W.: “The Parade of the Animal Kingdom,” Chaps. 23-‘34, the Macmillan 
Company, 1937. 

Hbnderson, J.; “The Practical Value of Birds,” The Macmillan Company, 1927. 



CHAPTER XXXm 


MAMMALIA 


When Nature, her great masterpiece design'd 
And fram’d her last, best work, the human mind. 
Her eye intent on all the wondrous plan, 

She form’d of various stuff, the various Man. 

—Burns. 

I. Mammals in General 


The mammals (L. mamma, breast) are the highest group in the animal 
kingdom. This position is justified on account of the great development of 
brain power. Since man, who belongs to the 'primate (L. primus, first) 
group, has some primitive features, the primates are placed by some 
authorities somewhere near the middle of the series of orders. 
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In a general course of biology, there is usually little time for a thorough 
study of a typical mammal, but often one or more laboratory periods are 
spent in demonstration of the typical mammalian features as opposed to 
the features of the frog. The animals usually used in this work are the 
guinea pig, the rabbit, the white rat, the cat, and, more lately, the foetal 
pig. The last-named is easy to get, and the 8- to 10-in. sizes furnish 
excellent material for the demonstration of the mammalian features. 
Figure 346 shows a gertfetalized vertebrate. Since Part IV of this book is 
largely concerned with mammalian anatomy and physiology, only a 
summary of these features is included in this chapter. 

II. Ancestry of the Mammals 

The Age of Mammals was the Cenozoic era, but mammals arose long 
before that time, probably in the Lower Permian or the Triassic times. 
The primitive mammals had some characteristics possessed by a group of 
])rimitive reptiles, the cynodonts. Perhaps their most important feature 
was the type of teeth. The type of dentition was heterodont, incisors, 
canines, and molars being present. The cynodonts also had paired occipital 
condyles. 


III. Mammalian Features 

The monotremes have many reptilian features and differ from typical 
mammals in that they lay eggs, have mammary glands without teats, and 
have only one opening for the urinogenital and digestive systems. The 
other mammals have separate anal and urinogenital openings and bring 
forth their young alive. 

Except for the monotremes, the features most characteristic of the 
mammals are: 

1. The body is more or less covered with hairy though this may be 
reduced to a few bristles, as in the whales. 

2. There are oily or sebaceous glandsy which keep the hair and the skin 
pliable; sweat glamlsy connected with the heat-regulating mechanism, and 
mammary glandsy reduced in the male, well developed in the female. 
These secrete milk for the nourishment of the young. 

3. There is some form of external ear, or pinna, and the eyes have 
movable upper lids. The nose may be variously modified into a snout and 
may take over the functions of a tactile organ (mole) or prehension 
(elephant). 

4. Except in aquatic forms, there are cheeks and fleshy lips. 

5. The body ^cavity, or coelomy is divided by a muscular diaphragm 
into thoracic and abdominal cavities. 
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6. The heart is four-chambered and the sides separate. There is one 
aortic arch, the left. 

7. The red blood corpuscles^ circular, except in camels, are without 
nuclei. They are short-lived and are produced regularly in the red bone 
marrow. 

8. There is a vasomotor system connected with the sweat glands, 
which helps in maintaining a constant body temperature ranging from 
74 to 104°F. (24 to 40^*0.). 

9. There are two sets of teethe temporary or milk teeth, which are 
replaced by permanent teeth. The teeth are of four kinds, incisors, 
canines, premolars, and molars (heterodont dentition). 

10. Except for monotremes^ the young are born alive, viviparous (L. 
vivus^ alive; parere^ to t>ear). The placenta is developed in the Eutheria 
and furnishes a means of nourishment of the young until they are born. 
As in the reptiles, embryonic membranes are present. 

11. The germ cells of the eggs are microscopic, and they have little 
yolk. Cleavage is holoblastic. 

12. There is great development of the hraitu the cerebrum being much 
larger in proportion to the size of the animal. In the higher mammals, it is 
much convoluted, thus greatly increasing the cerebral cortex. The corpus 
callosum is greatly increased in size, and there is a complex well-developed 
cerebellum. 

13. There has been a simplification of the skeleton^ though the bones are 
not so fused as in the birds. The old quadrate of the reptiles becomes the 
incus of the ear, and the articulare becomes the malleus. 

14. The skull articulates with the vertebral column by two occipital 
condyles, as in the Amphibia, and not with one, as in the reptiles and 
birds. 

15. The bones of the lower jaw have fused to form a single bone that 
articulates with the skull. 

16. The ribs articulate both with the vertebrae and with the sternum 
and so allow contraction and expansion of the thoracic cavity in breathing. 

17. Three types of foot posture (page 650) are shown by the mammals: 
(1) plantigrade (L. planta, sole of the foot; gradus^ step), or walking with 
the whole sole on the ground, as bears and man; (2) digitigrade (L. digitus^ 
finger; gradus, step), as shown by the cat and dog; (3) ungvli- 
grade (L. ungula^ hoof; gradvSy step), as shown by cows, horses, etc. 
(Fig. 435). 

Tracks of Maxmnals. —^Hunters and fur trappers are able to trail their 
quarry by means of their tracks. Figure 347 shows the tracks of some 
native mammals. Observation shows that when a rabbit jumps, the hind 
legs are placed in front of the front legs. This is indicated in 9 of Fig. 347. 
The track tells the story of the structure of the foot and gives information 
as to how the animal walks or runs. 
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Fis. 347.—^Tracks of native mammals. (1) Muskrat. (S) Fox squirrel. (3) Woodchuck. 
(4) Skunk. (5) Meadow mouse. (6) Deer mouse. (7) Brown rat. (8) Weasd. (9) Rabbit. 
(10) Varying hare. (11) Raccoon. (IS) Little chipfnunk. (13) Shrew. (14) Mink. (15) Fox. 
(16) Red squirrel. (From Williams^ The Living World, The Macmillan Company.) 
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IV. Some Activities and Adaptations of Mammals 

A. Migration. —^The migrations of the birds in the spring are well 
known, yet among the mammals there is a case of migration almost as 
famous. Great heards of seals arrive at the Pribilof Islands in the Bering 
Sea at approximately the same time every spring and remain there from 
about May 1 to Sept. 15 (Fig. ,‘148). During this time, the young are born. 
After leaving the islands, they go on their long sea migrations. They live 
on the seacoasts and islands of the northern regions; other herds are in 
the cold regions of the .south. The .seals furnish us with valuable fur and 
are protected by law in many countries. The three-year-old “bachelors” 
are killed for their fur. Other mammals that migrate are the red bat, 
whales, and elk. 



Fi^. 348.—The fur seal, Callorhinus alascanua. The fur seals arrive at the Pribilof Islands off 
the coast of Alaska at approximately the same time every year for the breedins season. 


B, Hibernation.—Many groups of animals go in for a long sleep or 
hibernate (page 457). Among the mammals, the ground squirrels, wood- 
chucks, bats, and jumping mice hibernate. The bear becomes very fat 
before he goes into a cave or other sheltered place and goes to sleep. Since 
the sleep is somewhat intermittent, it is not true hibernation. He seems 
hardly to breathe, and all activities are at a low ebb. When the bears come 
out of their dens in the spring, they are quite thin, having used up their 
fat while asleep. The cubs, usually two in number, are bom in midwinter. 

Hibernation is often thought^of as winter sleep, and most animals do 
hibernate in winter; but some begin their long sleep before cold weather. 

C. Home Btiilding.—Many mammals make little effort to build 
permanent homes, but there are others that do. Shallow caves, hollow 
trees, or any sort of shelter often provide temporary homes. But beavers 
(Fig, 349) and muskrats build intricate homes or lodges. Nests are built 
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by mice, fox squirrels, and many others. Burrows or dens are built by 
woodchucks, prairie dogs, and ground squirrels. Some of these have 
places for food storage and some nests for rearing young. 

D. Secondary Sexual Characters.—Secondary sexual characters an' 
shown in mammals by the larger size in some forms, especially large horns 
and antlers, or beards, as shown by the bison (Fig. 29). I^arge fur-seal 
bulls may weigh 500 lb., and the females weigh from 50 to 100 lb. Scent 
glands are often more prominent in the male. 

E. Coloration.—While many mammals are very conspicuously 
colored, many show a protective coloration that enables them to remain 
inconspicuously in their environment. Even the striped tiger is incon- 



struction. (Courtesy ol U.S. Biolosical Survey.) 

spicuous in the jungle. In the arctic regions, many animals are colored 
white during the winter season, as the arctic fox, snowshoe rabbit, weasel, 
etc., changing their color to spotted or brown during the summer (Fig. 
502). 

V. The Importance of Mammals 

The relations of the mammals to man are complex and varied (page 
8S0). They have served as beasts of burden since the dawn of history, and 
prehistoric man certainly used them for food and their hides for clothing. 
The value of domesticated animals to man cannot be estimated. Flesh 
and milk are used for food, and leather is made from the hides of many 
mammals. Other important articles of commerce are musk from the 
glands of certain mammals, ivory from the tusks of walruses and ele- 
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phants, oU from the fat of whales, and ambergris, a product of the intesti¬ 
nal tract of whales, which is used in making perfumes. 

Millions of dollars’ worth of furs are sold every year. Formerly the 
supply came from trapped animals, but now there are large silver fox 
(Fig. 537) farms and other farms for mink, marten, and other fur-bearing | 
animals. 

Many mammals arc predators and do much damage. Domesticated 
animals will be kiled by predatory animals like lions, wolves, and other 
wild animals in countries where these animals are plentiful. The rabbit 
will do damage to green crops, rats will eat corn and other stored food, 
foxes will kill chickens, and house cats destroy millions of birds annually. 

VL Classification 

Class. Mammalia. 

Subclass I. Prototheria (Gr. protos, first, therion, mammal). The egg-laying mammals. 

Order 1. Monolrcrnata (Gr. monos^ single; trema^ opening). Examples are the duckbill 
and the spiny mdeater (Tachyglossus)^ primitive maiiimals that lay eggs. These are 



Fis. BSO.-—Brood pouch of opossum, Didelphis virsiniana, showins attachment of the 
young embryos. (Courtesy of the General Biological Supply House.) 

the only ones that have a cloaca. They lay eggs, and the young are nourished by a 
secretion from mammary glands. The duckbill, Omithorhynchus unatinus, is found 
in Australia and has curious webbed feet, a duck-like snout, and is covered with hair. 
Subclass II. Metatkeria (Gr. me<a, beyond; therion, mammal). The pouched mammals. 
Order 1. Marsupialia (L. marsupium, a pouch). Mammals with no well-developed 
placenta. The young are born in a very undeveloped state and place themselves in a 
pouch, the marsupium. In this pouch are teats to which the young animals attach 
themselves by mouth; they remain there until developed. There are seven families of 
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marsupials. Examples are the kangaroo^ opossum^ wombat^ bandicoots. The only 
representative in the United States is the opossum, Didelphis virginiana. The young 
remain in the pouch of the mother until they are fairly well developed (Fig. 850) 
and after that often ride on her back. They remain with her about two months. 

Subclass III. Evtheria, (Clr. ev, true; therion, mammal). Most of the mammals, including 
man. All mammals with placentae through which the young are nourished before 
birth; deer, dog, monkey, etc. 

Section A. Unguicvlaia (L. unguis, claw). Clawed mammals. 

Order 1. Insectivora (L. insectus, cut off; vorare, to devour). Moles and shrev)s. These 
animals feed mainly on insects. They have rudimentary eyes, no external ears, 
and their forelimbs are adapted for digging. The common mole, t^ralopus aquaticus, 
is a good example (Fig. 82^4). 

Order 2. Dcrmoptcra (Or. derma, skin; pteron, wing). Flying lemurs (not true lemurs). 
These animals resemble the insectivorc's in structure of skull and in the canine 
teeth. The two known genera are found in Malaysia and the Philippines. 



Fig. 351.—Nine banded armadillo, Dasypus novemcinctus. The shell is hard, but the 
animal can roll up into a ball when attacked. (Courtesy of The American Museum Natural 
History.) 


Order 3. Edentata (L. edcntalus, rendered toothless). Giant anteatcrs, sloths, 
armadillos. The giant anteater has no teeth, but the other representatives of this 
group have modified teeth. The giant anteater opens an ant hill with its claws 
and takes up the ants with a long prehensile tongue. The representative of this 
group that lives in the United States is the nine’-banded armadillo, which lives 
as far north as Texas. The hair has been replaced by bony plates. If disturbed, 
the animal rolls up in a ball. The tail is long and is covered with overlapping rings, 
lie has a small head, large cars and powerful claws for digging. The tongue is 
long, sticky, and protrusible, designed to entangle insects after they have been 
dislodged by powerful claws (Fig. 351). One interesting feature of reproduction is 
that each egg produces/oar young. 

Order 4. Pholidota (Gr. pholis, scale).-The scaly anteaiers. These are clawed animals 
lacking teeth. The tongue is long and protractile. An example is the pangolin, 
Manis, 

Order 5. Rodenda (L. rodere, to gnaw). One of the largest of all the mammal groups. 
The teeth of rodents are especially modified for gnawing. There is one pair of 
incisors in the upper jaw. Rodents eat plants mostly and cause great damage. 
Examples are heaters, guinea pigs, squirrels, etc. 
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Order 6. Lagomorpha (Gr. lagor^ hare; morphe, form). This order is often included in 
the order Rodentia, the animals in the two groups being very similar. Rabbits 
and hares have four instead of two upper incisors. Examples are rabbets, hares. 

Order 7. Chiroptera (Gr. cheir, hand; pteryx^ wing). Bats or flying mammals. The 
bat wing is quite different from the wing of a bird (Fig. 352). The forelimbs and 



Fig. 35S»—A flying mammal. Javelin bat, large leaf-nosed bat of South America, Phyllostoma 
hastatum. (Courtesy of The American Museum Natural History.) 


fingers are extended; the skin is stretched between them and connected with the 
hind feet; also, usually, with the tail. When at rest, bats usually grasp a perch by 
the hind legs and hang head down. They are noctumal, and caves are favorite 
retreats for them. They are widely distributed. Some are fruit-eating; the vampire 
bats Kve on the blood of horses, sheep, cattle, and occasionally attack sleeping 
human being.s. The skin is cut by the front teeth, and the blood is lapped up as it 
oozes out. 



Fig. 353.—Raccoon^ Procyon lotor. This mammal has the habit of washing its food before 
eating It if possible. (Courtesy of U.S. Biological Survey.) 


Order 8 . The Carnivora (L. camivorus, flesh eating) (page 53f>). Lions, tigers, etc. 
Although most of the animals in this group eat flesh, some are omnivorous, as 
hears. The canine teeth are well developed, the incisors small; the premolar.s 
adapted for cutting are fitted for crushing. Carnassial (L. caro, flesh) peculiar to 
this group are the fourth premolar above and the first molar below. These bite 
on one another like a pair of scissors. 

The terrestrial carnivores (suborder Fissipedia L. fissus cleft; pedis foot) have 
feet fitted for walking, whereas the aquatic carnivore (suborder Pinnepedia L. 
pinna, feather; pedis foot) have feet fitted for swimming. 
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There are eight well-known families belonging to the terrestrial Carnivora. 
Among the most important of these is the family Canidae, which includes dogn, 
raccoons (Fig. S53), coyotes^ foxes^ and wolves; the family Felidae, including cats^ 
tigers^ leopards^ mounlaih liom, etc.; and the family Ursidae, the bears. Among 
the important representatives of the aquatic Carnivores, the Pinnipedia, are 
the seals and walruses. 

Section B. Ungulata (L. ungula, nail). Hoofed mammals. 

Order 9. Perissodactyla (Gr. perissos, odd; daktylos, finger). Odd-toed hoofed 
mammals. Horses, tapirs, rhinoceroses, all mammals with -an odd number of 
hoofed toes. These may vary in number from the one toe of a horse to the tapir, 
which has three on the back feet and four on the front. 

Order 10. Artiodactyla (Gr. artios, equal; daktylos, finger). Even-toed hoofed mam¬ 
mals. A very large group, including many of the familiar game mammals. Here 
are included cattle, i?o.y; camels, Camelus; llama; pigs, Sus; deer, Cervus; bison, 
Bison (Fig. 29); hippotamus, Hippotamus; giraffe, Giraffa; and many others. 



Fig. 354.-—(A) Indian claphant. (B) African Elephant. Difference in these animals 
include shape of back, size of ears, folds of skin on the trunk, etc. The tusks are incisor teeth. 
(L. Runyon.) 


The name ruminant (L. rumen, throat) is given to the members of this group, 
which, like the cattle, swallow their food with little mastication and later regurgi¬ 
tate it and chew it thoroughly. These animals have stomachs with four chambers. 

The bison. Bison bison, once existed in great numbers on the Western plains, 
but with the advent of the white man and the building up of the country, they 
were threatened with extinction. However, a small herd placed in one of the 
national parks is now increasing (Fig. 29). 

Order 11. Proboscidea (Gr. proboskis, trunk; L. forma, shape). The Elephants. 
There are only two living genera of elephants, each with one species, the African 
elephant, Loxodonta africanus, and the Asiatic elephant, Elephas indicus (Fig. 
854), Some of the differences between the tw^o are that the African species is 
larger, has larger ears and a hollow back; the Indian elephant has smaller ears 
and a bounded back. Both are covered with a loose, thick skin, much wrinkled. 
From the character of this skin, the elephants are often called pachyderms (Gr. 
pachys, thick; derma, skin). The long, muscular proboscis, used as a prehensile 
organ, has the nasal openings at the tip. The tusks, often present in the males, are 
the prolongations and enlargement of the incisor teeth. These furnish the ivory 
of commerce. Elephants are used as beasts of burden in some countries. They are 
said to be intelligent. 
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Order 12. Hyramidea (Gr. llyrax^ shrew mouse). Coneys or hyraxes. Rodent-like 
mammals with short ears, reduced tails, and primitive plantigrade feet. There are 
three toes on the front limbs and four on the hind limbs. An example is Procavia 
(Africa). The Procavia syriaca is the coney of the Bible. 

Section C. Aquatic mammals. 

Order IS. Sirenia (Gr. seiren, a sea nymph). Sometimes included with the whales 
but quite difPerent from them. They are herbivorous, of large size, without hind 
limbs or external ears. Examples are sea cows, manatees. 

Order 14. Cetacea (Gr. ketos, whale). Whales and dolphins. In some classifications, 
this order is represented in two orders; 

Order Odontoceti (Gr. odon, tooth; keios, whale). Toothed whales, porpoises, 
sperm whales. Whales are warm-blooded, the body heat being retained by a layer 
of fat beneath the skin. The forelimbs are modified as paddles, the head is large, 
eyes small, and there are no external ears. They are air-breathing, the nostrils 



Fis. 355.—The whalebone whale, Balaena mysticetus, one of the largest of living mammals. 
(Courtesy of The American Museum of Natural History.) 


having a single opening. A whale is .said to “spout’* when the air is forced out of 
the “blow hole,** the moisture of the breath condensing in the air. 

Order Mystaooceti. Whalebone whales. Whales without teeth except in the 
embryos. Plates of whalebone, frayed at the edges, or baleen, form a sort of 
strainer by which the food is strained out of the water. The largest of the whales, 
the sulphur-bottom whale, belongs to this group. These may reach a length of 
103 ft. and weigh 294,000 Ib. They are the largest living animals (Fig. 355). 

Section D. The primates (page 799). Mammals with nails. 

^Order 15. Primates, lemurs, apes, monkeys, man. The members of this group have 
some primitive characteristics, and for this reason some authorities place them 
about in the middle of the series of mammal orders. On account of their superior 
mental power, however, they may well be called the climax group. Since this 
group is especially interesting on account of man’s place in it, the suborders and 
families are listed. 

Suborder 1. Lemuroideae. Lemuroids. 

Family 1. Chiromyidae. The aye-aye. 

Family 2. Lemurideae, True lemurs. 

Suborder 2. Tarsioidsae. Tarsiers. 

Suborder 3. Anthropoidsae. Monkeys, apes, man. 

Series 1. Platyrrhini (broad nose). New World monkeys. 

Family 1. Cebidae, Capuchins, howler monkeys, spider monkeys, etc. 

Family 2. Hapalidae, Marmosets. 
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Fis. 357.«--Chlmp«nx«ft, Pin (Anthropopilhicyi troslodyfttX Tht chimpinxic b ranked 
next to the gorilla in t|it primalt sroup of animak 
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Series 2. Catarrhini (nostrils close together). Old World monkeys, apes, men. 
Family 3. CercopUhecidne* Baboons, macaques (Fig. 356), mandrills, etc. 
Family 4. Hylobatidae, Gibbons. 

Family 5. Pongidae. Apes, orangutans, chimpanzees (Fig. 357), gorilla (Fig. 
358). 

Family 6. Hoviinidae. Man. 



Fi^. 358.«-Oorilla soHlIa. Large male gorilla (Belgian Congo) From the gorilla habitat 

group In Akeley African Halt, The American Museum of Natural History (Courtesy of 

The American Museum of Natural History.) 

The tailless apes often have bipedal locomotion. The forelimbs are longer than 
the hind limbs and rest on the ground on their knuckles, helping to preserve the 
equilibrium. 

Man dominates all other animals on account of his mental development. On 
account of this same development, he is able to fit himself to live in most situations. 

Quastions 

1. What characters separate mammals from other groups? 

2. What mammals lay eggs? 

8. Describe some mammal migrations. 

4. Why is the hibernation of a female bear especially interesting.^ 
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5. What are the three types of foot posture shown by mammals? 

6. Describe at least 10 widely different (in appearance and size) mammals, and state what 
characters they all have in common. 

7. Discuss (a) home building by mammals; (5) secondary sexual characters, (c) coloration. 

8. Define, as related to mammals; digitigrade, unguligrade, plantigrade, inarsupium. 
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Part IV. General Biology: 

ORGANS. SYSTEMS. AND THEIR FUNCTIONS; THE 
BIOLOGY OF MAN 




CHAPTER XXXIV 

FOODS/ THE FUEL OF LIVING ORGANISMS 

For it's rare that a man thinks of anything so seriously as his dinner! 

—Ben Jonson. 

I. The Role of Green Plants in Food Manufacture 

Every living thing must obtain food and assimilate it or suffer death. 
Animals arc not able, as are the green plants, to manufacture their own 
food. Even animals that live on meat alone, such as the Carnivora, are 
indirectly dependent upon plants, since the animals that they eat use 
plants for their food. For example, lions eat zebras, but zebras are 
herbivorous and eat plants. In every case, the original source of the food 
supply of animals is the green plant. 

Because they manufacture the food for the entire living world, green 
plants are often spoken of as the “food factories of the world.’’ They 
manufacture the three classes of food, carbohydrates, proteins, and fats. 
Many types of each of these three classes of food are known. The funda¬ 
mental process of the manufacture of sugar by green plants, or photo^ 
synthesis (page 128), may be illustrated by the following formula: 

6 CO 2 4“ 6 H 2 O 4 “ energy = C 6 H 12 O 6 4* 6 O 2 

carbon water glucose oxygen 

dioxide 

In other words, six atoms of carbon dioxide plus six atoms of water, 
with the aid of the energy from the sun, will make one molecule of glucose 
and six molecules of oxygen. The manufacture of glucose by green plants 
is not so simple as that indicated in the foregoing reaction but doubtless 
involves several steps. The formation of glucose by the green plant is not 
fully understood, but the essential facts are that the green plant is able 
to take carbon dioxide from the air, water from the earth, and, with the 
aid of the energy from the sun, manufacture glucose. The green coloring 
matter of plants, chlorophyll (page 32), is the substance in the plant that 
does this work. Certain plants, such as mushrooms, do not possess chloro¬ 
phyll and are therefore incapable of photosynthesis. 

In the foregoing description of the synthesis of carbohydrates by green 
plants, it is shown that the elements of oxygen and carbon are derived 
from the air in the form of carbon dioxide, but the source of hydrogen was 
not accounted for. This element must come from water, since there is no 

$19 
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hydrogen in the air and the plant has no other means for obtaining it. If 
the formula for glucose, C 6 II 12 O 6 , be examined, it will be evident that 
hydrogen and oxygen arc present in the same proportion as they are in 
water, namely, two parts of hydrogen to one of oxygen. If one molecule of 
water be removed from glucose, the formula becomes (C6HioOb)n, which 
is starchy the form in which the plant stores the carbohydrate that it has 
manufactured. Starch is relatively insoluble and exhibits other properties 
that make it a favorable substance for storage purposes (page 140). 

II. Foods 

A. Types of Foods. 1. Cabbohydrates. —All carbohydrates are 
made up of three elements, carbon, hydrogen, and oxygen. Ordinary water 
is made up of two of these, hydrogen and oxygen, in the proportion of ^ 
parts of hydrogen to 1 part of oxygen, II 2 O. A carbohydrate has, in 
addition, carbon. If water is removed from a carbohydrate, carbon will 
be left. 

Proteins. —Proteins also contain carbon, hydrogen, and oxygen 
but, in addition, nitrogen is always present and often sulphur and phos¬ 
phorus. Proteins have very complex chemical formulas. But although 
there are many kinds of proteins, they consist of fairly simple building 
blocks, the amino acids. These always contain one or more of the amino or 
NH 2 groups and at least one carboxyl radical, COOH. The amino radical 
acts as a base and the carboxyl radical as an acid. 

The starting point of the world’s food supply is the manufacture of 
carbohydrates, or carbohydrate synthesis. In protein synthesis, the build¬ 
ing blocks are the amino acids. Three of the materials of which protein is 
composed (carbon, hydrogen, and oxygen) are supplied by the synthesis 
of carbohydrates, whereas the nitrogen for the NH 2 radical is taken by 
the plant from the soil. More than twenty diflFifcrent kinds of amino acids 
are known, and these are capable of almost infinite combinations. This 
accounts for the great variety of proteins. Although light is necessary for 
the manufacture of carbohydrates in green leaves, it is not necessary for 
protein synthesis. Proteins have large complex molecules—C 758 H 1181 N 207 - 
02 ioS 2 Fe is the formula for hemoglobin (horse), which gives an idea of the 
complexity of a molecule of this protein. 

S. Fats. —^Fats are made up of the same elements as those that form 
carbohydrates, but in fats these elements are combined in different 
proportions, being especially poor in oxygen. The chief fat of olive oil is 
olein^ which has the formula C67Hio40e. This formula shows that this fat 
contains an enormous humber of hydrogen atoms, a small number of 
oxygen atoms, and a large number of carbon atoms. Fats are spoken of as 
‘"concentrated food.” They ar6 readily oxidized, thus liberating heat. Not 
all fats are the same in nutritive value. For example, butterfat is superior 
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to most brands of oleomargarine for human nutrition. However, some 
modern oleomargarine is equal to butter; and some butter is very poor. 

B. Role in Nutrition of the Three Types of Food.—All three types 
may supply energy. Proteins as a result of oxidation may produce energy 
and heat but are also absolutely necessary for the building up of proto¬ 
plasm, either for purpose of growth or for rebuilding living substance that 
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Fig. 359.—Protein foods are necessary for growth and for maintenance of the body in 
health. (A) (B) (C) Rats from the same litter, 11 weeks old. (A) Rat that had good protein 
but not enough. (B) This one had enough protein but of a poor kind. (C) Rat that had good 
protein and plenty of it (Courtesy of U.S. Bureau of Home Economics.) 

has worn out. Not all proteins, however, are of the same value. Figure 359 
shows the effects of good and bad proteins. 

Carbohydrates, when oxidized, furnish heat and energy. The digestion 
of carbohydrates and the excretion of wastes resulting from this digestion 
require less work on the part of the body than these processes do in the 
case of proteins; hence carbohydrates are preferred to proteins for the 
production of energy. Carbohydrates also serve another function; they are 
protein sparers,*^ since they furnish heat and energy that would other¬ 
wise have to be secur^ from proteins. Even though fats possess a greater 








522 


BIOLOGYs THE SCIENCE OF LIFE 


energy content than carbohydrates, experiments seem to prove that 
carbohydrates are better “protein sparers*^ than are the fats. Fats, how¬ 
ever, may be stored and thus furnish a reserve food supply. 

C. Accessory Foods. 1. Water. —^Included among the accessory 
foods are water, mineral salts, and vitamins. Most organic substances 
contain considerable quantities of water, although the amounts may vary 
tremendously in various animals and tissues, being as low as 3 per cent 
in certain tissues and as high as 98 per cent in jellyfish. Living things 
cannot exist for very long without water. They can live without food 
longer than they can without water. Water is capable of dissolving more 
different substances than is any other liquid. It holds these substances in 
chemical solution so that they can be transported throughout the body 
and can pass through membranes. Without water, the colloidal state of 
protoplasm would not be possible. Water may t^xist in the protoplasm in 
the “foee state,” or it may enter into the chemical composition of com¬ 
pounds. It is necessary for protoplasmic movement. 

2. Mineral Salts. —Mineral salts are present in all protoplasm. 
They are concerned with diffusion and osmosis; they have something to do 
with controlling the acidity of the body fluids, and they are important in 
other ways. For example, calcitim and phosphorus are important in the 
formation of the bones and teeth of vertebrates. In many iiwertebrates, 
calcium is important in the formation of the skeleton. Calcium is also 
necessary for, the coagulation of the blood. Figure 360.4 shows the short, 
stubby body of the rat that was not given enough calcium; this condition 
was due to poorly-formed bones. Quite a contrast is presented by the rat 
that was supplied with plenty of calcium. Milk is the best source of 
calcium, although other foods also contain this mineral. Calcium and 
phosphorus are both necessary for good growth in plants (Fig, 361). 

Iron is a constituent of hemoglobin, which is the red-colored substance 
in the red blood cells. This substance has an affinity for oxygen and is 
important for this reason. Not a great deal of iron is present in the human 
body—about 2}/^ g,—but this is essential. In some people the blood is 
deficient in hemo^obin, giving rise to the disease of anemia; treatment 
with iron relieves this condition. Certain plant and animal foods are rich 
in iron (see Appendix, page 873). Iron is necessary for the formation 
of chlorophyll in plants, although it is not known just why. Magnesium 
is also necessary for this purpose; it is a part pf the chlorophyll molecule 
itself. Other necessary salts are those of sodium^ sulphur^ potassium^ 
chlorine^ iodine^ boron^ and (for plants) nitrogen (Fig. 361). 

Unless the diet is quite specialized, it is likely to contain all the min¬ 
erals needed. The only exception is iodine, which is necessary for the 
normal secretory activities of the thyroid gland (Chap. XXXIX). In some 
parts of the country where the soil contmns very little iodine and where 
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sea foods, which contain iodine, are not commonly eaten, it is necessary to 
supplement the diet with small amounts of iodine. This may be done by 
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Fis> 360.—^Th« role of minerels, celcium end phosphorus in nutrition. (A) (6) Two rate 
from the same litter, 22 weeks old. A did not have enough calcium. Body is short and stubby, 
owing to poorly formed bones; B had plenty of calcium and its bones are well formed. 
(Q (D) Rate from the same litter 9 weeks old. C did not have enough phosphorus and 
grew slowly; D had plenty of phosphorus and is well grown. (Courtesy of U.S. Bureau of 
Home Economics.) 

requiring the use of iodized table salt. Too much iodine is dangerous, since 
it brings about serious disturbances in metabolism. 
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Eleven mrnerala —^Na, sodium; K, potassium; Ca, calcium; Mg, 
magnesium; Cl, chlorine; Fe, iron; I, iodine; P, phosphorus; S, sulphur; 
Cu, copper; and Mn, manganese—^are necessary for an adequate diet in 
hi^er animals. 

3. Vitamins, n. Vitnmtns %n Genercil *—Other accessory food ele* 
ments, the vitamins, are not only important but absolutely necessary for 
normal nutrition and growth. The chemical nature of many of the 



I "** ^ "‘•""•I* •»y Pl*"**- (6) Tobacco grown in a complete nutrient 

“r*®"' <»> Phoiphorus. (3) Without potassium. (4) Without 

calcium. (5) Without magnesium. (7) Without boron. (8) Without sulphur. (9) Without 

^ Agriculture Technical Bulletin 


vitamins has been determined, and their effect on the body has been 
xscovered experimentally by feeding animals, especially rats, on diets 
that excluded certain of these substances. Years ago, when sailors spent 
long periods at sea, they came down with a disease known as scurvy 
a disease caused by lack of vitamin C in the diet. * 

Eecent experiments indicate that yitamms are just as essential to 
plante M they are to animals. Plants, in general, are much better able to 
synthesize vitamins from simpler substances; hence vitamins need not be 
present in the soil in order that plants may grow well. However, the 
amount of vitamins produced in a plant depends on such factors as 
Uie variety of plant, the presence or absence of fertilizer in the soil, and the 
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character of the climate. For example, more vitamin A has been found in 
wheat grown on manured land than in that grown on unfertilized land. 

Vitamins as well as other food elements are received by the roots from 
the rest of the plant. If roots are detached from the rest of the plant, they 
can be grown in bottles of water to which salts, sugar, and vitamins have 
been added. 

The name vitamin (Gr. vita^ life; amine^ a chemical radical NH 2 ) was 
proposed for these substances by Funk in 1912. He fed pigeons on a diet 
deficient in vitamin B. They soon became so weak they were unable to 
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Fig. 362.—^Vitamin A, piimarily • growth-promoting substance which also has an effect 
upon epithelial tissues. (A) (B) Two rats from the same litter 11 weeks old. A had no vitamin 
as evidenced by infected eye^ rough fur^ and lack of vigor. B had plenty of vitamin A as 
shown by bright eyes, sleek fur, and vigor. (Courtesy of U.S. Bureau of Home Economics.) 

hold up their heads. It was found that they could be cured quickly and 
easily by feeding them with a substance extracted from bran. For this 
reason, the substance responsible for the cure was given the name vitamim. 
Vitamins are designated by letters, A, B, Bi, B 2 , C. D, E, G, K, etc. 
Three of these, A, D, and E, are soluble in fats and occur in oils and fats; 
three, B, C, and G, are water-soluble and occur commonly in the juices 
of vegetables and fruits, 

b. Vitamin A .—^This vitamin is widely distributed in plant tissues, 
especially those that contain yellow pigment such as carrots, sweet potato, 
squash, etc., and in animal fats such as those of butter, egg yolk, and 
cod-liver oil. Carotene, a yellow pigment, is transformed into vitamin A 
(CaoHsoO). The lack of this vitamin in the food is serious, because it 
regulates the secreting power of epithelial tissue. When vitamin A is 
absent the epithelium becomes dry, as shown in the eyes of the rat in 
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Pig. 362 . Here the tear glands do not keep the eye moist, and a disease 
of the eye known as dry eye, xerophthalmia, results. A lack of visual purple 
in the eye, or night blindness, is associated with a lack of vitamin A. 

c. Vitamin B .—This is spoken of as the antineuritic vitamin. Lack of 
it causes a disease known as beriberi, which is a sort of paralysis due to the 
degeneration of the nerves. Besides this, the heart muscle and the central 
nervous system are affected and enlargement of various organs takes 
place. Vitamin B was the first of the vitamins found. A Dutch investiga- 
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Fig. 363.«-*Vilaiiiiii B complex hat tcvcrel functions, lb use prevenb development of 
pellegra. Vibmin Bz is sometimes celled vitamin G; it promotes bodily well being. (A) 
Female rat 24 weeks old which did not have enough vitamin B. The lack of muKle control 
is called spastic paralysis. (6) The same rat 24 hours later, after receiving a food rich in 
vitamin B. Muscle control has already been recovered. (Courtesy of U.S. Bureau of Home 
Economics.) 

tor, Eijkman, working in Java, found that bran coats or hulls of cereals 
contained a substance that would prevent the disease beriberi. Figure 368 
shows that the experimental rat, which had been fed on a diet lacking in 
vitamin B, recovered muscular control within 24 hours after being fed 
with food rich in this vitamin. Many foods contain vitamin B. It is 
especially abundant in the wheat germ and in yeast (see page 193 in the 
Appendix for a further list of foods containing this vitamin). Vitamin B 
has been found to be complex and has been subdivided into Bi, Bs* Bs* B4, 
Bs, etc. Bi is thiamin chloride. The antipellagra factor is nieoiinio add. 
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This was identified in 1937. Not all the other fractions have been surely 
identified. 

d. Vitamin C (Ascorbic Acid) .—Vitamin C prevents scurvy. This disease 
involves a partial destruction of the walls of the capillary blood vessels 
and is responsible for troubles with the teeth and the gums. The rat 
illustrated in Fig. 364 was fed on a diet deficient in vitamin C and was 
suffering from scurvy. Fresh fruits, tomatoes, and fresh vegetables are 
sources of this vitamin. 




B 


Fis. 364.—Vitamin C, essential for the maintenance of normal conditions of connective 
tissues of the body, as well as healthy bones and teeth. Lack of this vitamin causes scurvy. 
(A) (B) Guinea pigs of the same age. (A) This animal had no vitamin A and developed 
scurvy. Note roush fur and crouched position due to sore joinb. (B) This one had plenty of 
vitamin A. It has sleek fur and is healthy and alert (Courtesy of U.S. Bureau of Home 
Economics.) 

e. Vitamin D (Calciferol), or the Antirachitic Vitamin.—Rickets (lackof 
mineral matter in the bones) is a disease of the bones that leads to deformi¬ 
ties. It is due to an insufficient amount of vitamin D in the food. Lack of 
this vitamin also increases the possibility of decay of the teeth. Vitamin D 
is sometimes called the sunlight vitamin, because sunlight seems to affect 
the fats beneath the skin in such a way that they produce the vitamin. 
Ultraviolet light will accomplish the same result. The livers of certain fish, 
particularly of the cod, halibut, and mackerel, are rich in this vitamin. 
Figure 365 shows the bowlegs and short body of a rat that was fed on a 
diet deficient in vitamin D. Other foods besides fish oils contain large 
amounts of this vitamin, especially milk» cream, butter, and eggs. 
Vitamin D was discovered by McCollum in 19*1. It has been recently 
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shown (Waddell, 1935) to exist in two forms. For example, by irradiating 
milk after it is drawn from the cow, the cholesterol type of vitamin D is 
formed. This cholesterol type occurs also in cod-liver oil. The second type 
of vitamin D is obtained in milk by feeding the cows yeast known to 
contain ergosterol. This milk is known as metabolized milk and is of the 
ergosterol type. 

Only minute quantities of vitamins are needed to ensure normal 
development. Crystals of pure vitamin D are so powerful that to prevent 
rickets in a rat, only 1/10,000 mg. a day is necessary. 



B 


Fis. 365.-~VitBniin sometimci called the "lunshine" vitamin, is essential br good 
bones and teeth. (A) (B) Rats from the same litter, 20 weeks old. (A) This rat had no vitamin 
D. Note short body and bowlegs, typical signs of rickets. (B) this one had plenty of vitamin D. 
lb bones are strong and straight (Courtesy of U.S. Bureau of Home Economics.) 

/. Vitamin E {Tocopherol) the Antisierility Vitamin. —Rats deprived of 
vitamin E remain sterile. The gonads of the male do not function prop¬ 
erly. The gonads of the female rat are not injured, but the embryo rats die 
in the uterus. This vitamin occurs in wheat germ, lettuce, and watercress. 
Evans isolated it in 1935. 

g. Vitamin G {B^. —^This is the antipellagra vitamin. In 1937, the anti¬ 
pellagra fraction of the vitamin B complex was isolated as nicotinic acid. 
Pellagra, a dread disease, affects the skin and nervous system. It is 
prevalent wherever the diet is not varied enough to include foods con¬ 
taining vitamin G. 

The discovery of new vitamins may be expected in the future as 
progress is made in the study of nutrition. Other accessory foods, such as 
tea and coffee, will be discussed later (page 551). 
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D. Food Requirements for Normal Nutrition; How Determined.— 

The method usually employed is to feed animals on different types of diets 
and observe the effect they produce. In many laboratories, rats are used 
for this purpose. The amount of food required by any animal depends 
primarily upon three things: (1) the size of the body, (2) the amount of 
work done, and (3) the quantity of heat necessary to keep the body at its 
normal temperature. 

The fuel value of any food may be determined by burning a given 
amount in a calorimeter. When the food unites with oxygen, heat is given 
off; hence the unit used in measuring the amount of heat given off is 
called a calorie. The large calorie used in determining fuel values is the 
amount of heat necessary to raise the temperfiture of 1 kg. (1,000 g. or 
^.2 lb.) of water 1°C. To determine the amount of food an individual 
needs, one must take into account size, habits, and age. A rat does not 
need the same amount that a rabbit does, nor does an office worker need 
the same amount of food as a day laborer. The latter needs much more on 
account of his greater physical activity. People that live in cold climates 
need more food than those that live in hot climates, and growing organ¬ 
isms need more in proportion to their size than do organisms that are 
fully grown. (For the table of calorie requirements for human beings, 
see page 549.) 

E. Preparation of Foods.—All animals except man eat their food raw. 
(looked food is unknown to animals unless given to them by man. Cooking 
renders some foods more easily digestible, and many foods are improved 
in flavor and api>earance. Starch grains swell up and burst so that the 
digestive juices can reach their contents easily; the cellulose fibers of 
plants are softened, as well as the fibers of meat; bread becomes porous 
or “light” as a result of the presence of baking powders or yeast and is 
cooked in that state (page 193). Foods are thus changed so that they are 
easier for the digestive system to break up into substances suitable 
for absorption. 

Incidentally, harmful bacteria are destroyed by the high heat neces- 
\sary for cooking. However, cooking may also do harm. For example, 
vitamins may be destroyed. This has been observed in the case of milk. 
When boiled, milk is changed in many ways and is less valuable as a food. 
Milk is often treated by a heating prbeess known as pasteurization^ which 
destroys bacteria. In this process, the heat is regulated so that it kills 
nearly all pathogenic bacteria but does not alter the food value of the 
milk. 

F. The Pure Food Laws,—Before the passage of the Piure Food and 
Drug Act in 1906, food was often preserved by the use of harmful chemi¬ 
cals. Also, food was adulterated, for substances were added that reduced 
the value of the food in question. An example was the practice of adding 
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water to milk or chalk to flour. Sometimes substances were added that 
were actually harmful. The law requires that all substances added either 
for preservative purposes or for increase of the bidk for any reason be 
printed on the label. In this way the citizen is protected if he reads the 
label. Harmful preservatives, colors, flavors, etc., are forbidden. 

Table of the Composition of Foods.— The table on the composition 
of foods, in the Appendix, page 873, has been compiled from various 
sources. It offers easy reference possibilities. 

Questions 

1. What is a food? 

2. Why are green plants spoken of as tlie “food factories of the world”? 

3. What is an amino acid? Wl»y are they spoken of as the building blocks of proteins? 

4. Compare the composition of carbohydrates, proteins, and fats. What is the role of 
each in nutrition? 

6. Are all proteins of the same value in nutrition? Fats? 

6. Discuss the importance of water to living things. 

7. Why is calcium in the diet important? Phosphorus? 

8 . How is iron used in plants? In animals? 

9. Discuss the general importance of vitamins to plants ainl animals. W’hat advantages 
have the plants over animals in securing vitamins? 

10. What led to the discovery of vitamins? Who w^as Kijkniaj)? 

11. Who proposed the name vitamin? When? What experiment was performed by lhc‘ 
discoverer of the same vitamin? 

12. Discuss the role of each of the following vitamins: A, 11, (', D, K, F, G (Bs). lnclu<le 
in this discussion the normal function and the results of deficiency of each one. 

13. For what disease is nicotinic acid now pre.scribcd? 

14. “C. Hopkins CaFe Mg NaCl = C. Hopkins Cafe mighty good if taken w ith a grain of 
.salt” is a phrase suggested to aid students in remembering the minerals important in 
the diet. What are these minerals? How is each one used in the body? 

15. Discuss tea, coffee, and cocoa as foods. To what is their stimulating action due? 

16* Is alcohol a food? P^xplain. 
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CHAPTER XXXV • 


NUTRITION IN PLANTS AND ANIMALS 


Now good digestion, wait on appetite. 

And health on both! 

—Shakespeare. 

I. Nature and Necessity for Disestion 

Although nutritive processes are the same in all the higher animals, 
they naturally differ in details because of differences in feeding habits. 
Inorganic nutrients, such as minerals, may be absorbed without change, 
but organic foods must be changed into simpler substances by the action 
of enzymes, (^arbohydrates, such as starches and complex sugars, cannot 
be absorbed until they are changed into simple sugars. Similarly, pro¬ 
teins and fats must be changed into relatively simple substances before 
they can be absorbed. Foods that are insoluble cannot be used by living 
organisms, either j)lants or animals. Digestion in plants is the same sort 
of process as digestion in animals. Similar agents act upon proteins, 
carbohydrates, and fats in plants and animals, though the plants are not 
[)rovided with highly specialized digestive systems as animals are. 

Role of Enzymes.—An enzyme is a catalyst (page 23); i.e., it acceler¬ 
ates a reaction without itself being changed or used up in the process. 
Not very much is known about enzymes. One of their most interesting 
properties is the fact that they are specific in their action; i.e., one enzyme 
acts on only one type of substance. For instance, sucrose^ acts only on 
sucrose (cane sugar); and pepsin acts only on protein. Another charac¬ 
teristic is that their action is reversible. For example, they are responsible 
for changing the sugar manufactured by the plant into starch suitable 
for storage, yet when the plant needs the starch for food, this insoluble 
form is changed again to the soluble sugar by the same enzyme. It is 
evident that the conditions under which the enzyme works determine 
what type of reaction will take place, but these conditions are not fully 
understood. It should be noted here that stored in seeds are enzymes 
ready to transform materials needed by the young developing plant. 
These include enzymes for the digestion of protein, carbohydrates, and 
fats. Some seeds are oily, some starchy; but all contain some of all three 
food types and, presumably, their specific enzymes. 

531 
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II. Digestion in Plants 

No special digestive organs are present in plants such as are found in 
animals (Fig. 366). In the simpler plants, especially the Fungi, digestion 
may take place outside the cells through the agency of enzymes that are 
secreted by the pla;hts. 

A. Carbohydrates, Fats, Proteins. 1. Carbohydkates. —^In the 
higher plants, starch is formed mainly in the leaves from glucose. This 
starch is insoluble in water and nondiffusible. Before it can be used by 
the plant, it must be changed into a soluble, diffusible form. The enzyme 
that does this work is diastase. It may be that this is not a simple enzyme 
but a combination of two or more enzymes working together. Some 
authorities believe that one of these two enzymes, aiJiylase, converts the 
starch into a sugar, dextrin, and that the other enzyme, dextriiiase, trans¬ 
forms this dextrin into maltose. Another enzyme, malt use, then changes 
the maltose sugar into a still simpler sugar, glucose. Glucose is soluble 
and can pass through the cell wall into the cell protoplasm. Here it is 
used by the protoplasm, either to furnish energy or as building material. 

2. Fats. —As starch must be changed to a soluble form that is diffusi¬ 
ble, so must fats and proteins be changed, also. The lipases are the 
enzymes that are instrumental in changing the fats into fatty acids and 
glycerol. This process has been studied in the germination of seeds con¬ 
taining a large amount of fat or oil, the castor-oil seed Ricinus. The 
lipases are the same enzymes that cause the synthesis of fats in plants. 
Whether synthesis or digestion takes place seems dependent upon the 
amount of water. When the water is decreasing, the fat synthesis takes 
place; when the water is increasing, as in the conditions suitable for the 
germination of the seed, digestion takes place. 

3. Proteins. —The study of the digestion of proteins is not so easy 
to study in plants, because proteins are not stored in large quantities as 
are starches and fats. Three classes of enzymes act upon the proteins: (1) 
The protinases, which act upon the proteins and split them into albumi- 
noses and peptones. These compounds, derived from the proteins, are 
complex substances themselves and are not ready for assimilation by the 
cells. (2) Peptidases, which act upon the albuminoses and peptones and, 
by hydrolysis, split them into amino acids. (3) The amidases, which 
liberate ammonia from the amino or amido compounds. Each of these is 
specific, and one. cannot do the work of the other. 

B. Fate of the Products of Digestion.—^The final products of digestion 
are carried to all parts of the plant for assimilation and use by the cells. 
They may be oxidized (during respiration) and furnish the energy needed 
for growth and other physiological activities of the cell; they may be 
assimilated^ i.e„ used to build more protoplasm needed for repair or 
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Fis. 366.—^Mcchanitnii for disestion in planli and animals. (B. F. Edwards.) (an) Anus, 
(eaa) caaeum, (d. 9 .) dlgasliva stand, (G. B.) sail bladdar, ( 9 . v.) saitrovascutar cavity, ($1. s.) 
standolar stomach, (I. int.) Iars« Intestine, (t.) liver, (oe) oesobhastis, (p) pancreas, (pk) 
pharynx, (R) rectum, (sal. 9 I.) salivary stand, (sp.) spleen, (l Ini) small intone, (s) stomach. 







534 


BIOLOGy*. THE SCIENCE OF LIFE 


growth; they may be resynthesized into any one of three types of food and 
stored; finally, they may be used in the synthesis of new compounds. 

C. Carnivorous Plants. —A few plants are carnivorous and depend 
upon a certain amount of animal food for their nutrition. They grow in 
bogs or in poorly drained soil w^here there is a shortage of available 
nitrogen compounds. Nitrogen is one of the essentials for building up 
protoplasm. Carnivorous plants solve the problem of securing enough 
nitrogen by digesting animal food. When adequate soil nutrients are 
available, these plants thrive without animal food. 

To secure this animal food, mainly insects, carnivorous plants have 
developed cups, sticky hairs, and other devices for securing the animals. 
The pitcher plant, the sundews, and the Venus’s-flytrap are good exam¬ 
ples of carnivorous plants. If cups and pitchers contain water, insects 
are drowned in it; then enzymes are poured into the water from the 
leaves, and so digestion and then absorption take place. The Venus's- 
flytrap, after capturing the insect (Fig. 103), pours out upon it the 
enzymes necessary for digesting it; after digestion is completed, the leaves 
open and discharge the indigestible remains (Fig. 103/'). 

III. Digestion in Animals 

The digestive systems of animals are of many types, though in all 
of them the fundamental processes of digestion are the same as in 
plants. The one-celled creatures possess no special digestive organs, yet 
the processes of digestion, assimilation, and growth occur in these crea¬ 
tures as well as in the highest and most specialized of digestive systems. 

A. Digestion in Invertebrates. 1. Protozoa. —Protozoa secure their 
food in various ways; the Amoeba^ by sending out protoplasmic processes 
and surrounding it (page 271); in the case of the Faramedum (page 278), 
it is swept into the gullet by the action of cilia. In both cases, a food 
vacuole is formed. Into this the surrounding protoplasm pours digestive 
juices, which dissolve the food particles. The digested food is then 
absorbed into the protoplasm. The parasitic Endamoeba histolytica 
digests its food outside the body. It pours digestive juice on the tissues 
surrounding it, dissolving them, and then absorbing the digested food 
{extracellular digestion), 

2. Hydra. —The coelenterate group, of which Hydra is a good repre¬ 
sentative, exhibits both intracellular digestion and extracellular digestion. 
The cavity into which the mouth opens, the gastrovascular cavity, is 
lined with flagellated cells to keep a current moving and cells that digest 
food in the same manner that the Amoeba does, t.e., inside the cell {intrU’- 
cellular digestion). In addition, digestive juices are poured into the 
cavity, and most digestion takes place there {extracellular digestion). 
The products of digestion are passed on by diffusion in Hydra; in some 
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of the higher coelenterates, there are gastrovascular canals {Aurelia, 
page 306). 

3. Earthworm. —The earthworm shows a great advance over the 
Hydra in having a definite digestive system and a circulatory system. 

When the food reaches the esophagus, it is mixed with the secretion 
of three pairs of calciferous glands; this secretion is alkaline and serves to 
neutralize the acid nature of the food. The crop is a storage organ, and 
the food remains in it until it passes into the gizzard and is broken up 
into fine pieces in preparation for ’digestion. The walls of the stomach 
intestine contain gland cells that secrete digestive enzymes (page 337) 
of three types; (1) amylase, wdiich converts carbohydrates to simple 



Fig. 367.-—Teeth of various types of animals. Food habits of animals are shown by their 

teeth. (B. F. Edwards.) 

sugars, (2) trypsin, which changes proteins to peptones and amino acids, 
and (3) lipase, which splits the fats into fatty acids and glycerine. 

Absorption of digested food is through the walls of the intestine and 
takes place by diffusion and osmosis (page 39). The surface of the intes¬ 
tine is increased by an infolding, the typhlosole (page 336). After absorp¬ 
tion, the food is carried to all parts of the body by the coelontic fluid and 
the blood. 

It will be seen from the preceding that the earthworm represents a 
transition from the gastrovascular type of digestive system to that of 
the higher animals. The flatworm has a very much branched intestine 
but does not show the transportation system characteristic of the 
earthworm. 

B. Digestion in Vertebrates. —Digestion in the vertebrates is more 
specialized than in the invertebrates. The digestive processes have been 
studied more thoroughly in this group and are better understood. In the 



536 


BIOLOGVi THE SCIENCE OF LIFE 


different groups of the vertebrates, the digestive systems are similar, 
though modified according to the activities of the animal and the kind 
of food that they eat. 

1. Digestive Organs OF Vertebrates, a. Teeth ,—Food is ingested 
by means of the mouth. Usually glands are present in the mucous mem¬ 
branes of the mouth cavity of land animals that secrete lubricating sub¬ 
stances that make the food easy to swallow. 

Nearly all vertebrates possess teeth (Fig. 367), which are for grasping, 
grinding, or cutting food. There is a wide difference between the grinding 
teeth of the herbivorous animal whose food is coarse grass and the sharp, 
pointed teeth of the carnivorous animal (Fig. 367). The character of the 
teeth is definitely related to the type of food the animal eats. 



FiS. 368.—Diasram of the stomach of a cud-chewins animal (ruminant). (From Wolcotti 

Animal Blolosy.) 


h. Tongues ,—Among the vertebrates, tongues vary greatly in size, 
shape, and function. The woodpecker, for example, possesses a tongue 
that is modified as an effective instrument for dragging insects out of 
holes in trees, whereas the tongue of the cow is adapted for grasping 
wisps of grass that are cut off against the lower teeth. The cow has no 
canines or incisors in the upper jaw. In the higher animals, the sense of 
taste is located on the tongue. 

c. Types of Food Tubes .—^The alimentary canal is modified according 
to the use to which it is put. For example, the stomach of the cow, a 
herbivorous animal, is very complicated (Fig. 368). The arrows in the 
figure show the path of the food that is swallowed, regurgitated into the 
mouth, chewed again, and then swallowed again, the finer food going 
into a different part of the stomach. 

Herbivorous animals possess digestive tubes that may be twenty 
times the length of their bodies. This is necessary because the coarse, 
bulky food they eat contains cellulose, which takes a long time to digest. 
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The intestines of carnivorous animals, on the other hand, are from 
three to five times the length of their bodies, whereas those of omnivorous 
animals are about ten times the length of their bodies. Various modifica¬ 
tions for increasing the surface of the intestines for absorption of digested 
food are by folding, coiling, formation of pouches, and villi (L. viUtLSy 
shaggy hair). The villi, characteristic of birds and mammals, are finger¬ 
like processes (Fig. 369) that make the lining of the intestine look like 



Fis. 369.—^Diasram of an intestinal villus. The Ar-5 millions of these villi in the intestine 
greatly increase the absorbing surface. 

velvet. A microscope is required to see these small projections, yet they 
increase the surface enormously. 

d. Glands .—In the lower invertebrates, the digestive glands consist 
mostly of a single cell. In the higher invertebrates, they may be multi¬ 
cellular, as the digestive glands of the crayfish which function both as 
liver and pancreas. Most vertebrates possess salivary glands^ which open 
into the mouth, gastric glands, which open into the stomach, and intestinal 
glands, which open into the intestine. These are of various types (Fig. 
370). A large gland, such as the liver or pancreas, consists of many units. 

e. l S pe cial Functions of the Liveriand the Pancreas .—^The liver is the 

largesTSiim^i m tli^ most important. Not all its work 
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IS concerned with digestion. Bile is mainly a waste product, made up of 
worn-out blood cells and other wastes. Yet the bile performs the impor¬ 
tant functions of helping to make the intestinal juice slightly alkaline 
and of emulsifying fats, Le,y it mixes with the fats so that they become 
finely divided into droplets. In this state, the fats can be acted upon by 
digestive juices. Some substances in the bile are said to aid in the absorp¬ 
tion of fats. The bile also stimulates the wave-like peristaltic contractions 
of the intestines. Some physiologists think that the bile has a slight 
antiseptic action in the intestine. 



MUCOUS (GOBLET) 
CELLS 


SINGLE GLAND 
CELLS 



UNICELLULAR GLAND 


(enlargeo^^sinole 
CELL) 



SIMPLE GLAND 
(tubular) 



COMPOUND GLAND 
(tubular) 



COMPOUND GLAND 
(alveolar) 


Fis. 370.—Some lypes of Blands. There are many modifications of these types. 

(B. F. Edwards.) 


One of the important functions of the liver is the collection of urea, a 
waste product of protein digestion. Urea is largely formed in the liver 
and is then carried by the blood to the kidneys, where it is excreted. The 
liver forms and stores glycogen as a reserve food. The portal circulatory 
system (page 56S) carries blood that is rich in food substances from the 
stomach and the intestine. This blood passes through the liver before it 
reaches the general circulation./Glucose is taken out of the blood by the 
liver, 'transformed into glycogen, an animal starch, and stored until 
energy Is needed; it is then converted into glucose. 

vThe pancreas secretes three enzymes: (1) amylopsin for splitting 
carbohydrates, {%) trypsin for splitting proteins, and steapsin (lipase) for 
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splitting fats. In addition, it contains patches of tissue, the islands of 
Langerhans, which secrete insulin. This is not an enzyme but a hormone 
(page 618), as the secretions of ductless glands are named (page ^63). 
If insulin is not present in the blood, a disease known as diabetes occurs. 



Fis. 371 .—Diagram showing the arrangamant of tha digastiva organs in man. (6. F. Edwards.) 

2. Digbstive Organs and Digestion in Man. —The processes 
concerned with nutrition are essentially the same in man as they are in 
other living things. Naturally, there are special requirements of the 
human body. As an example of digestive processes of the lower vertebrates, 
the frog may be taken (page 834), and the example will not be repeated 
here. Some differences in the digestive organs of other lower animals are 
mentioned above. 
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In man, the alimentary canal consists of the mouthy pharynxy esopha- 
guSy stomachy small intestiney and large intestifie (Pig. 371). Together, 
these constitute a tube about 30 ft. long. A mucous membrane, which 
secretes mucus, lines the entire tract. Food will move easily over a surface 
covered with such a slippery substance as mucus. 

In addition to the liver and pancreaSy on the outside of the digestive 
tract, but connecting with it through ducts, there are many glands in 



Rff. 372.-—and |awi of i tix-ycar-old child. Tht permanent teeth, enamelled, but 
ycl without roots, are ready to begin displacing the temporary teeth. (Courtesy of U.S. 
Department of Agriculture Extemion Service.) 

the stomach and the intestines that are concerned with various phases of 
the process of digestion (see the table on page 543). 

a. The Teeth, (1) Structure. —Teeth may be called accessory 
organs of digestion. Each tooth consists of a crown, a neck, and one or 
more roots. The roots lie in the sockets in the jawbone. The hardest 
substance in the body is the enamel that covers the crown of the tooth. 
Dentine lies just under the enamel and forms the bulk of the tooth. 
Although dentine is not so hard as enamel, it is harder than the most com¬ 
pact layer of bone. In the middle of the tooth is the pulp cavity, a little 
chamber containing nerves and blood vessels that enter the pulp cavity 
Uiroui^ canals in the roots. 
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(2) Types, —These are incisors (L. incisus^ to cut), the **front teeth,” 
which are flat and sharp for biting off food; canines^ on either side, which 
in man, aid in biting, though in the dog and other flesh-eating animals, 
they are more or less well-developed tusks for fighting and tearing flesh; 
the bicuspids (L, few, twice, cuspis^ point); and the molars (L. moZa, mill), 
which possess wide surfaces for grinding food and mixing it with saliva. 

(3) Temporary and permanent teeth. —Figure 372 is a photograph 
of a six-year-old child. The milk, or temporary teeth, cover the permanent 
teeth that will later take their places. The 20 “milk” teeth are as many 
as the small jaws of a child can accommodate. There are 32 permanent 
teeth, the wisdom teeth appearing sometime between the eighteenth 
and thirtieth year. In some cases, wisdom teeth do not appear at all. 



Fig. 373.—Dfagram showing the location and openings of the salivary glands. (B. F. Edwards.) 

The character of the diet has great influence on the development of 
the teeth. Vitamin D and phosphorus are important in regulating the 
structure of the teeth, and vitamin C is necessary for the structures 
around the teeth. If the teeth are not kept clean, the fermentation of 
starchy food that becomes lodged between them may cause the formation 
of acids, which dissolve away the substance of the teeth and thus form 
cavities. For a table of foods showing their calcium and phosphorous 
content, as well as the presence of vitamins C and D; see pages 524 to 528. 

6 , The Salivary Glands and Saliva. —^Three pairs of salivary glands are 
present in man: the sublingual^ under the tongue; the submaxiUary^ under 
and behind the corners of the lower jaw; and the parotid, in front of the 
ears (Fig. 373). The parotids become inflamed and s\Yollen when ohe has 
the mumps. These six glands secrete the saliva. The ducts of the sub- 
maxillaiy and sublingual glands unite before they reach the mouth, 
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whereas the ducts from the parotids open on the inside of the cheeks 
opposite the second molars of the upper jaw. 

Ptyalin^ a starch-splitting enzyme, is present in human saliva. Saliva 
moistens the food so that it may be tasted; the mucus in it also lubricates 
the food so that it may be easily swallowed. 

Salivary glands are absent in aquatic forms. In the land forms, they 
perform the same function as in man. Carnivorous mammals do not hav<^ 
ptyalin secreted by their salivary glands, but all other mammals do. 

0. The Stomach, (1) Structure and functions. —^The stomach is a 
muscular organ; its walls contain three layers of muscles: an outside layer, 
longitudinal^ a middle layer, oblique, and a third layer, circular. The mus¬ 
cle fibers in these three layers run in different directions and by their 
activity produce the “churning movements” that thoroughly mix the 
gastric juice with food; An important function of the stomach, aside 
from the secretion of the gastric juice, is to serve as a storehouse for food 
so that enough can be eaten at one time to serve the body for several 
hours. In the lining of the stomach are the openings of many glands that 
secrete the gastric juice. 

(2) Digestion in the stomach. —^The cardiac part of the mammalian 
stomach is located nearest the heart; the lower end is the pylorus. Certain 
glands in the stomach secrete mucus; other glands produce the gastric 
juice; hydrochloric acid is secreted by other cells in the stomach wall. 
The gastric juice, which is acid, contains the enzyme pepsin. This acts on 
protein foods, causing them to split into simpler substances, peptones 
and proteoses. The glands that produce the pepsin are located near the 
middle of the stomach. Lower down in the pyloric section, rennin, an 
enzyme that coagulates milk, is secreted. If the milk were not coagulated, 
it would not remain in the stomach long enough to be acted upon by the 
gastric juice. 

The digestion of starch begins in the mouth and continues to a certain 
extent in the stomach. The digestion of protein is begun in the stomach 
and completed in the intestine. Some physiologists believe that a certain 
amount of fat is digested in the stomach by an enzyme, gastric lipase. 
This is questionable. The stomach mixes the food and enzymes together 
by a sort of churning motion. Wave-like contractions also occur that force 
the food along when it is to be passed on into the intestine. 

d. The Small Intestine, (1). Divisions. —^The small intestine is 
divided into the duodenuip (page 234), the jujenum, and the ileum. 
The last two are fastened to the dorsal abdominal wall by connective 
tissue, the mesentery. The arteries, veins, and nerves reach the intestines 
through the mesenteries (Fig. 383). 

(2) Digestion in the small intestine. —^After the digestive proc¬ 
esses are completed in the stomach, the food is in a liquid condition, 
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called the chyme. It now enters the duodenum^ the part of the small 
intestine next to the stomach, through a valve, a little at a time. DucU 
from the liver and from the pancreas also enter the duodenum. The acid 
chyme changes prosecretin, a hormone secreted by glands in the intestinal 
wall, to secretin. This substance is carried to the pancreas by the blood 
and causes the secretion of pancreatic juice. The three enzymes in the 
pancreatic juice are amylase, which acts on starch, trypsin, which acts 
on proteins, and lipase, which acts on fats. They do their work in an 
alkaline medium. The acid chyme is made alkaline by the bile from the 
liver and the pancreatic juice. 

Starches are first acted upon in the mouth by ptyalin, and the work 
is continued in the small intestine by amylase. The intestine itself 
secretes three enzymes that act upon the sugars remaining from digestion 
in the mouth, stomach, and small intestine. The maltase acts upon malt 
sugar; invertase acts on cane sugar; and lactase acts on milk sugar. The 
products are simple sugars like glucose. These three are sometimes 
called the inverting enzymes. 

Proteins are acted upon by pepsin in the stomach; by trypsin in the 
small intestine; and, finally, by erepsin, which is secreted in the small 
intestine and changes peptides to amino acids. 

Fats are first melted by the heat of the body and then emulsified by 
the bile (page 538)*. Lipase then brings about the change of fats into/a% 
adds and glycerol. Below will be found a table of digestive enzymes. 
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The small intestine exhibits two types of movements: (1) waves of 
contraction, or peristalsis (Gr. peri, around; stalsis, constriction), which 
forces the food along, and (2) contractions of the intestinal segments. 
The second type of contractions makes the intestine look somewhat like 
a string of sausages (Fig. 874). 

e. The Large Intestine and Its Functions—About nine hoims after 
eating, the last of the digested food has entered the large intestine from 
the small intestine through a valve, the Heocaecal valve. At the junction 

of the small and large intestine is 
the caecum, which is joined on to the 
vermiform appendix (Fig. 371). The 
caecum, or the blind portion at 
tlie beginning of the large intestine, is 
only about 2)^ in. long in man. In 
some herbivorous animals, such as the 
rabbit, it is quite large. 

The food entering the large intestine 
a little at a time from the small intes¬ 
tine through the ileocaecal valve is 
liquid; the valve prevents any of the 
material from passing back into the 
small intestine. The large intestine at 
this pf)iut is the ascending colon, so 
that the materials must travel upward 
to reach the transverse colon; from the 
transverse colon it goes through the 
descending colon to the rectum. 
The work begun in the small intestine 
continues to some extent. Also, bacteria 
live in the large intestine, and these 
may act upon certain proteins that have escaped digestion. This type 
of bacterid putrefaction occurs normally in the large mtestine. Some 
authorities believe it to be harmful; others believe that, although it is 
not beneficial, the harmful effects are neutralized by the body normally. 

The material in the large intestine consists of many kinds of sub¬ 
stances: undigested food, products of digestion, bacteria, secretions, and 
the like. In addition, the lining of the large intestine secretes large quan¬ 
tities of mucus, and this aids in eliminating the intestinal contents. After 
the liquid food reaches the large mtestine, water is absorbed from it, and 
the material assumes the more solid character of feces. The movements 
of the large intestine are some^srhat similar to those of the small intestme, 
and thus the intestinal contents are moved along by peristalsis, being 
expelled as feces once or twice a day. 



Fig. 374.—Diagram to show peri- 
itolsis in the small intestine. Each bolus 
is split by constriction and the halves 
of the adjacent boluses are reunited, 
thus insuring a thorough mixing. (B. 
Shames.) 
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The various movements of the alimentary tract are under the control 
of the sympathetic nervous system. 

/. Time Required for Digestion of a MeaL —^This depends somewhat 
upon the character of the food. Liquid food remains in the stomach only 




sm 



Fis. 375.—Time required for the disestion of a meal. These figures are intended to show 
the probable advance of the food during the next few hours after dinner. For the sake of 
simplicity the tract is represented as free from food taken previously and no supper is eaten. 
The course of the small intestine is diagrammatic. 

At 1 p.m. the stomach is full and active. 

At 3 the stomach is smaller, having forwarded part of its contents to the small intestine. 

At 5 the stomach is about empty and digestion is In progress at intervals all along the 
small intestine. 

At 10 the small intestine is clear. There is antiperistalsis in the ascending colon. The 
foremost portion of the material is near the spleen. The mass now consists less of food than 
of associated secretions. 

At 7 a.m. the chief accumulation is in the sigmoid flexure. The lagging part is near die 
spleen. 

Breakfast Is eaten, the lower part of the tract wakes to activity at the same time as the 
stomach, and at 8 the sigmoid has thrust its contents to the rectum. This is the occasion for 
defecation. (From Stiles, Human Physiology, W. B. Saunders Company.) 


a very short time, whereas fats remain there longer than any other food. 
It follows that foods coated with fats or fried remain in the stomach 
longer than they would if they were prepared in some other way. In 
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general^ food remains in the stomach from 2 to 4 hours, then passes little 
by little into the small intestine. Owing to the length of the small intestine, 
about 20 ft*, the greater part of digestion takes place there. It requires 
about 9 hours from the time of eating until the last of the meal has passed 
from the small to the large intestine (Fig. 375). 

3. Absorption and Assimilation, a. Process and Place of Ab¬ 
sorption. —Before absorption can take place, food must be in condition 
to pass through a membrane. The purpose of digestion is so to change 
food that it will be absorbed through the intestinal membranes into the 
blood stream and carried to the millions of cells in the body. Absorption 
is essentially the same in all vertebrates, the differences being related to 
the type of food and the requirements of the animal. In man, most of the 
absorption takes place in the small intestine. The inside layer of the small 
intestine is thrown up in small finger-like projections, the villi (Fig. 537), 
which increase the surface available for absorption. The relations of 
artery, vein, and lymph vessels in a villus are shown in Fig. 369. 

b. Routes of the Absorbed Foods to the Cells. (1) Carbohydrates 
AND PROTEINS, —^Thc products of the digestion of starches, which are the 
simple sugars, and the products of protein digestion, which are the amino 
acids, are absorbed into the blood vessels of the portal system (Fig. 376). 
When the portal vein reaches the liver, it breaks up into capillaries, and 
from these the liver absorbs a part of the simple sugars, converting them 
into glycogen (Gr. glyhys^ sweet), an animal starch, which is a reserve 
food supply. The blood leaving the liver enters the hepatic veins, and 
these, in turn, empty into the large ascending vena cava, which enters 
the right auricle of the heart. From the heart, the blood is pumped to 
every portion of the body, finally reaching the cells. 

(2) Fats, —^Fats go by a different route, through the lymph vessels^ 
for a part of the journey. The products of digested fats pass into the 
lymph vessels of the villi and then into the vessels leading to the thoracic 
duct (Fig. 376). Because absorbed fat products are emulsified, they look 
like milk, and so the lymph vessels running through the mesenteries of 
the intestine look milky and are called lacteals. The thoracic duct empties 
into the base of the jugular vein at its junction with the innominate vein 
to form the descending vena cava, which enters the right auricle of the 
heart. From here the blood containing the fats is distributed by way of 
the general circulation to all cells of the body. 

c. Fate of Absorbed Foods. —When the absorbed foods reach the cells, 
they are used to produce energy to carry on the activities of the cell 
and to build up protoplasm, 

(1) Carbohydrates, —Carbohydrates enter the blood as simple 
sugars. The normal amount of sugar in the blood is 0.1 per cent, i.s., 
there is 0.1 g. in 100 cc. of blood. After a starchy meal the quantity may 
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rise to from 0.12 to 0.14 per cent. If it rises above 0.14 per cent, some of it 
is excreted by the kidneys and is thus lost. Usually, however, some of it 
is stored in the liver as glycogen before this level is reached. This makes 
a reserve supply of food that may be called for between meals. When the 
glycogen is needed, it is reconverted into sugar by the action of enzymes. 



Fis. 376.—^Diasram to show routt of absorbed foods. Carbohydrates and proteins enter the 
general circulation by way of the portal vein; fats by way of the thoracic duct. (B. Shamos.) 

The process is quite complex, since it works both ways; i.e., the glucose 
is changed into glycogen, and the glycogen changed back to glucose as 
needed. In this process, insulin from the pancreas plays an important 
part as well as glycogenase, an enzyme from the liver. Storage of carbo¬ 
hydrates in the liver is important for two reasons: (1) it would be excreted 
by the kidneys and so lost if the level of sugar rose too high in the blood. 
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and (2) it furnishes a reserve food supply that can be drawn upon be¬ 
tween meals. 

The energy for the activities of cells must come from the breaking up 
of glucose or some other food substance (page 322). We may return to 
the formula (page 156): 


C 6 H 12 O 6 + 60*2 6 CO 2 + 6 H 2 O + energy 

glucose oxygen carbon water 
dioxide 

The process is not so simple as shown by the reaction. If the glucose 
were burned outside the body, energy would be liberated, but it could 
only be burned at high temperatures. In the body, tlie glucose can be 
“burned” at low temperatures because of the action of enzymes. 

(2) Fats. —Fats enter the blood stream in a finely divided condition. 
Evidence exists that fats cannot be properly oxidized unless carbohy¬ 
drates are present; i.e., “fats burn in the flame of carbohydrates.” Fats 
and fat-like bodies are built into the structure of protoplasm, especially 
into cell membranes. They are important here because they are concerned 
with a very important characteristic of the membrane, namely, perme¬ 
ability. Some of the fat is stored in specialized cells. For example, a 
“layer of fat” lies just under the skin. By this is meant that fat is stored 
in specialized cells generally distributed under the skin. Here it serves as 
an “insulator” to conserve the body heat. Other portions of the body 
may also contain fat in storage. This stored fat resembles glycogen in 
that it is a food supply to be “tapped” in times of need. Like glucose, 
fat, when burned, releases energy and becomes carbon dioxide and water. 

(3) Proteins. —Proteins (page 5^0) furnish the building blocks for 
the construction of protoplasm. They may be utilized in the cells for build¬ 
ing up tissues during growth or for rebuilding tissues that have been 
broken down by the activities of the animal. No work is done by any 
living things without the breaking down of some tissue that must be 
rebuilt. Proteins are also used as sources of energy (page 521). 

The combustion or oxidation of the amino acid in the cell liberates 
energy, as does the oxidation of carbohydrates and fats. Before this 
takes place, however, the amino acid becomes changed, mainly in the 
liver. The portal vein carrying the absorbed foods travels through the 
liver. In addition to storing up glycogen, the liver changes the amino 
acid mclecvle so that urea is formed and extracted by the Iddneys. 

Storage of both carbohydrates and fats occurs in the body, but very 
little storage of proteins. If the stores of fats and carbohydrates are con¬ 
sumed, the proteins of the tissues are themselves used for energy. The 
body literally ‘"bums itself up.” Naturally, this cannot continue very 
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long. But as long as the body remains alive, it miist have energy to carry 
on its activities. 

One of the most interesting facts about the three classes of foods is 
that they are all chains of carbon atoms. As already stated, plants manu¬ 
facture glucose, and this can be converted into fats (oil in seeds, etc.); 
also, with the addition to the glucose of salts from the soil, amino acids 
may be formed (page 151). Animals are unable to manufacture protein 
from starch and salts. They must be synthesized or built up from the 
amino acids obtained cither directly from the plant food or indirectly 
from meat whose proteins were obtained from plants. But other trans¬ 
formations do take place. It is a matter of common knowledge that 
carbohydrates can be transformed into fat within the animal body. The 
farmer takes advantage of this fact in feeding livestock. Hogs to be fat¬ 
tened are fed on com, which contains large quantities of carbohydrates. 
Also, a part of the proteins and a part of the fats may be converted into 
glucose. This was discovered as a result of feeding animals a carefully 
controlled carbohydrate-free diet and then estimating the amount of 
glycogen in the liver. Since no carbohydrates were fed, the glycogen must 
have come from the other food elements. 

4. The Food Requirements of the Human Body.—F ood re¬ 
quirements of organisms vary according to their manner of living; the 
same is true of the human body. Exposure to cold, physical exercise, 
growth, and other factors influence the food requirements for the mainte¬ 
nance of normal health. 

a. Basal Metabolism. —When the body is in a resting state, some 
activities continue to take place, and thus a certain amount of metab¬ 
olism occurs; this is basal metabolism; i.e.y there is a minimum amount 
of breaking down and building up of substances; otherwise, life activities, 
such as breathing, the beating of the heart, etc., could not continue. 
There must, of course, be enough food present to carry on this basal 
metabolism, 

b. Measurement of Food Requirements. —In addition to the amount of 
food necessary for basal metabolism, there must be enough present for 
other activities, which are due to exercise, exposure to cold, growth, and 
repair of protoplasm. Naturally an inactive worker, such as one doing 
ofhee work, will not need as much food as one who does active outdoor 
work, a lumberman, for example. 

Food requirements are measured in large calories (page 529). The 
requirements range from 1,000 cal. for the sedentary individual to from 
7,000 to 8,000 for those who do hard physical work. There are 4.1 cal. 
per gram in carbohydrates, about the same in proteins, and 9.1 cal. per 
gram in fats. It is possible, therefore, to measure within small limits 
what is needed by the human body in the way of calories. It is not so 
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simple as it might seem, however, because certain substances are re¬ 
quired in the diet. For example, com contains a protein called zein. If 
this is the only protein fed to an animal, no matter how much carbo¬ 
hydrate and fat it receives, death will occur. Zein is lacking in two of the 
essential amino acids. If these are added to the diet, the proper balance is 
restored, and the animal remains alive. By experiment it has been de¬ 
termined that 9 of the 23 amino acids that have been obtained by the 
breaking down of protein molecules are essential for life; that certain of 
the fatty acids must be present; that carboliydrates are the best energy 
producers; and that they aid in the metabolism of fat as well as being 
protein sparers. How much protein is needed depends ui)on how much of 
the other foods are eaten. A w’dl-balanccd diet for a person requiring 
about 2,700 cal. daily is as follows: 


Food 

Grams 

Calories 

(approximate) 

Proteins. 

]00 

400 

Carbohydrates. 

400 

1,600 

675 

Fats. 

75 



This seems to be a good proportion for people in temperate climates. 
The Eskimos, however, live on a diet composed exclusively of animal 
food. Stefansson, the arctic explorer, found that health could be main¬ 
tained on such a diet. 

All the proteins that one needs may be obtained from plants. An 
entire group, the herbivores, eat plants only. However, man must eat a 
greater variety of food if plants are his sole source of proteins. It may 
be possible for individuals to maintain health on 25 g. of protein a day; 
it is probably wiser to ingest from 50 to 100 g. daily. For a table of food 
values, see page 873. 

Not all food substances necessary for health furnish energy. Waier^ 
for example, is indispensable for cell life. Without it, the colloidal con¬ 
dition of protoplasm would not be possible. Water is more necessary for 
life than any other substance. 

c. Accessory Foods. (1) Minerals (page 22). —Eleven minerals are 
necessary for adequate diet in higher animals. These are listed on page 
522. Calcium is important, together with phosphorus, in building up 
bones and teeth; it is concerned with heart action, maintaining muscle 
tone (page 623), and in the clotting of blood (page 568). Iron is present in 
all cells in minute amounts and takes part in the composition of hemo¬ 
globin, the substance in the blood that has an affinity for oxygen (page 
522). Iodine is necessary for the secretion of the thyroid gland, thyroxin. 
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In certain regions of the country, especially in the region of the Great 
Lakes and other inland regions, very little iodine is present in the soil, so 
that the foods that grow there are lacking in iodine. This lack results in 
the development of goiter in many individuals. The addition of a small 
amount of iodine to the table s«alt or other foods prevents the disease. It 
is dangerous to add iodine to foods except on the advice of physicians; 
too much causes as much trouble as too little (page 622). Other minerals 
are necessary for good health, but the role they play is too complex to 
go into here. Raw foods, green foods, meats, and many other foods con¬ 
tain enough minerals to maintain the body in health. Refinement of 
foods—for example, the manufacture of white flour, the polishing of 
rice, etc.—may lead to a deficiency in the mineral supply needed. 

(2) Vitamins. —^These are as important for health in man as they are 
in animals and plants. (For list of vitamins and their uses, see pages 
524 to 528.) 

(3) Alcohol as a food. —Alcohol is oxidized in the body, but, 
although it produces heat, it also increases the loss of heat from the body 
due to the rush of blood to the capillaries of the skin. It has a narcotic 
action on the nerves and other harmful effects. This is more fully dis¬ 
cussed on page 852. 

(4) Tea and coffee. —^These are among the least harmful of the 
substances taken for a “lift” when one is tired. Both contain caffein 
(page 809). People differ from one another, and tea and coffee affect 
different people in different ways. 

(5) Cocoa and soft drinks. —Cocoa contains a drug somewhat simi¬ 
lar to caffein, theobromine, which is a stimulant (page 810). Many “soft 
drinks” contain a small amount of caffein. 

(6) Flavors and condiments. —These may have no nutritive value 
but may increase the secretion of the gastric fluid and so indirectly aid 
digestion. 

5. Some Disorders of the Alimentary Tract, a. Indigestion, — 
The term indigestion may mean a slight disorder or a serious ailment. 
It may be only temporary discomfort. Often, however, it is associated 
with acute inflammation of the alimentary tract brought on by over- 
indulgence or “gorging” with food or by drinking beverages containing 
alcohol. So-called acid stomcch is a condition that may not be related to 
acid. Gastric juice is normally acid and in health must be acid. However, 
in cases of gastric ulcer, the normal acid of the gastric juice irritates the 
sore spot. In this case, treatment involves neutralizing the acid to give 
the ulcer time to heal. 

6. Cancer .—Cancers may grow in almost any part of the alimentary 
canal. They are not caused in the same way as ulcers. A group of cells, 
for some unknown reason, but usually where there is continued irritation, 
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begin to grow very fast and destroy the cells around them. The growth 
mechanism seems to be upset in some way, and the cells “run wild.” 
The cells may pass into lymph spaces or into the blood and be carried 
to other parts of the body, where they settle down and begin to grow. 
Surgical treatment is the only method employed for cancer of the ali¬ 
mentary canal. In some cases, if found in time, radium and X rays are 
effective. 

c. Appendicitis, —Appendicitis is due to inflammation of the appendix 
from infection. The infection may destroy the walls of the appendix, 
liberating germs into the body cavity and causing a serious condition 
known as peritonitis. Removal of the appendix is an operation easily 
performed and usually leads to complete recovery. 

d. Dysentery, —Other organisms may invade the alimentary canal and 
be responsible for certain diseases. The best known of these is dysentery 
caused either by Endamoeba histolytica (page 814) or by a bacillus. 
Bacillus dysenterae. 

e. Gallstones, —Bile is collected in the gall bladder between meals. 
While it is there, water is absorbed from it, and this renders it more 
concentrated. Sometimes some substances are precipitated out of the bile 
and form gallstones. They may do no harm if they remain in the gall 
bladder, but if they pass into the bile duct they obstruct the passage of 
the bile and must be removed by a surgeon. 

/. Allergy, —Allergy may be a sensitiveness to certain types of food. It 
is very different from the usual type of digestive upset. 

g. Irritating Substances, —Sometimes irritating substances in the lower 
intestine cause trouble in other parts of the alimentary canal. One effect 
is the reversal of peristalsis that stimulates the waves to run in a direction 
opposite from normal; i.e., toward instead of away from the stomach. The 
result is nausea or a general feeling of illness. 

A. Influence of the Mental States on Digestiem. —Fear, anger, pain, and 
hunger tend to affect digestion. This is because secretions of the stomach, 
intestines, and glands are interfered with. After fits of temper, one often 
has a headache, feels mentally dull, or suffers from gas production. It is 
good practice to see that mealtimes are pleasant for everyone. Any 
unpleasant emotion interferes with digestion. 

A healthy individual seldom realizes that he has a stomach. Sometimes 
fear of a particular food or class of foods may and often does interfere with 
digestion. 

Quettioni 

1. Discuss digestion of foods in plants. Include in this discussion a mention of the plant 

enzymes and the role of each. 

2. What is the fate of the digested foods in plants? < ‘ 

8. How does digestion take place in carnivorous plants? 
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4 . Distinguish between intercellular and intracellular digestion. 

6. Show how absorbing surface is increased by root hairs and villi. 

6. Is there any advantage in having the intestine long and narrow ? 

7. Compare the teeth and alimentary tracts of the carnivorous and herbivorous animals. 
How is the type of food used by these animals related to difference in teeth and digestive 
tracts? 

8. How is each of the three types of food prepared for digestion? Why must it be so 
prepared ? 

9. What are the parts of the human digestive tract? 

10. Compare the milk and permanent teeth of man as to structure, number, etc. 

11. Where are valves found in the alimentary tract? What is their function? 

12. Give an account of digestive enzymes concerned in human digestion, stating where 
each is produced and what work is done by each. What character do these enzymes 
possess in common? 

13. What is sucrasc? Maltase? Lactase? Erepsin? Insulin? Where are these found? 

14. What is the source of the bile, and what role does it play in digestion? 

16. Describe the changes undergone by the three types of food during digestion in man in 
the following places: the mouth, the stomach, the small intestine, the large intestine. 

16. Is there any advantage in the coagulation of milk in the stomach? 

17. In wdiat f<Trm are the carbohydrates when they are absorbed from the digestive tract? 
Proteins? Fats? 

18. What principles are involved in the absorption of these foods? 

19. Discuss the absorption of foods from the alimentary canal. What are the routes from 
the intestine to the cells of the three types of foods? 

20. What is the fate of the absorbed products of the carbohydrates? Proteins? Fats? How 
do the cells use each of these foods? Is it possible for the body to transform glucose 
into fats? Fats into glucose? Proteins into either of the other two types of foods? How 
do plants transform glucose into proteins? 

21. What is peristalsis? Where does it occur? What happens when it is reversed? 

22. How long does it take to digest a meal? 

23. W’hat are some special functions of the liver and the pancreas? 

24. How' are the energy requirements of the human body estimated? 

26. N ame some disorders of the alimentary canal. What ones are preventable? 

26. Define: peristalsis, oxidation, catalyst, ingestion, egestion, allergy, lacteal, emulsion. 
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CHAPTER XXXVI 

CIRCULATION 


I finally saw the blood, forced by the action of the left ventricle into the arteries, 
was distributed to the body at large, and its several parts, in the same manner as 
it is sent through the lungs, impelled by the right ventricle into the pulmonary 
artery, and that it then passed through the veins and along the vena cava, and so 
around to the left ventricle . . . which motion we may be allowed to call circular. 

—Harvey, 1628 . 

1. Definition of Circulation 

The term circulation^ as applied to livdng tilings, means the process by 
which a liquid carries substances throughout the organism. The liquid 
may or may not be enclosed in blood vessels. The problems of circulation 
in tlie single-celled organism arc simple compared with those of the 
complex organisms with billions of cells. Substances must reach all these 
cells, and wastes must be taken away; and so elaborate systems of 
circulation have been developed. 

il. Types of Circulation 

There are three types of circulatory systems; (1) the nonspecialized 
type, as in Amoeba, Elodea, and Hydra; (2) the open type, as in plants and 
the crayfish; and (3) the closed type, as in the eartliworm and the higher 
animals. 

A. Circulation in the Lower Organisms. 1. Streaming. —The lower 
plants and animals do not possess systems of vessels, yet a definite 
circulation takes place in them. This is, evident in the streaming of the 
protoplasm in Amoeba (page 271) or in the cell of Elodea. As a result of 
this streaming, the absorbed food substances are carried to all parts of 
the body. 

2. Cyclosis.— ^In Paramecium, the movements of the food vacuoles 
follow a definite path, thus allowing an absorption of the food materials 
by the cytoplasm in all parts of the cell. This is cyclosis (Fig. 189), 

B. Transfer of Materials in Plants.—^Beginning with‘the ferns, 
definite systems for the transfer of water and food, vcLscidar systems, are 
present in all plants. The processes of transfer of food in the phloem 
(page 124) are not so well known as the transfer of the water in the water 
tubes of xylem. Even this is not fully explained. The osmotic action 
(page 108) occurring both at the end of the root and in the leaf explains it 
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Fi$. 377.—Expcrimcnti to iliustrate oimotif and evaporation as they take place in a plant. 

(Courtesy of Dr. E. H. Runyon.) 

A. Osmosis alone, (t) Tube of water closed at one end with m, membrane, permeable to 
water but not permeable to susar. (s) Rubber stopper, (c) Glass cylinder (bottle with bottom 
broken out may be used). (T) Lons ^ube endins in a sraduated pipette, p. T corresponds 
to the stem of a plant 

Experiment Fill t, c, and T with water excludins all air bubbles. The water slowly filters 
throush m and drips from p. Susar is now added to t, makins the water less concentrated in t 
than in c, so osmosis besins; water rises in t and air is seen to enter the end of p. 

B. Evaporation alone, (e) A porous cup from which water evaporates. 

Experiment. Fill the tube T and the porous cup, e, with water so that there are no air 
bubbles. Invert over a beaker of mercury. As the water evaporates from the surface of the 
porous cup, the mercury M is pulled up, showins how tenaciously water adheres to the cup 
(as in the leaf ceils). 

C. Osmosis and evaporation workins tosether. Here the porous cup evaporatins surface 
e is joined to the apparatus of A so that rise of water in T (as in a stem) is caused by osmosis 
and evaporation workins tosether. How will Increasins the humidity affect the rate of rise 
of water in T? 

D. Diasram of a small portion of a leaf showins parts correspondins to those of the 
apparatus. T, tracheid, correspondins to the tube of apparatus, is In direct connection with 
the stem and root, and t represents the susar solution (the vacuole contains ceil sap); «nd 
e, cell wall in contact with air space near stoma, represents the evaporatins surface. 
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only in part. Figure 377 is a diagram of experiments easily carried out in 
the laboratory. The evaporation of the water from the bulb draws the 
water upward. In the leaf (Fig. 377/)), the evaporation of water causes 
the sap to become more concentrated. The leaf cells are in direct contact 
with the water tubes of the leaf veins. Since the sap of the leaf cells is more 

concentrated than in the water 
veins, the principle of osmosis 
comes into play, and the water 
passes from the upper ends of the 
tubes into the leaf. The tubes are 
so small that the columns of water 
will “stick,” or cohere, together; 
and so the water is drawm up. 

C. Circulation in the Metazoa. 
The circulatory systems of the 
Metazoa may be of the open or 
closed type. The blood of animals 
having the closed type of circu¬ 
latory system travels in a regular 
circuit. This fact has been known 
only a little more than three 
hundred years. William Harvey 

(Fie. -tudicd 

circulation in animals for many 
years and then published his great discovery. Harvey did not actually see 
the capillaries, because really good microscopes had not yet been devel¬ 
oped. It was a long time before his results were accepted. 

If a piece of damp cotton is wrapped around the head of a small 
tadpole to keep it quiet and its tail is then examined under the low 
power of the compound microscope, circulation in the capillaries may be 
readily seen. The corpuscles move along rapidly in single file, and this 
gives an idea of the size of the capillaries. 

1. The Invertebrates. —All types of circulatory systems are present 
in the invertebrates. 

a. Hydra .—Movements of the liquid in the gastrovascular cavity are 
kept up by contractions of the body and by the flagella of the cells that 
iine^this cavity (Fig. 208). The animals of the Hydra group are built up of 
only two layers of cells; hence an elaborate circulatory system is not 


necessary. 

h. Flatworms ,— ^There is a much-branched intestine that ramifies 
through the body of the worm. This makes distribution of materials quite 
simple. Spaces, filled with fluid, are also present in the tissues. Contrac- 
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(see page 736 for explanation of mechanism of inheritance). Females may 
be carriers but are not often aflFected themselves. 

(4) Anemia. —When the red blood cells are greatly reduced in number 
through disease, loss of blood, etc., a condition arises known as anemia. 
Pernicious anemia is a severe type of this disease. If it is severe enough* 
the patient dies, because there are not enough red blood cells to carry 
sufficient oxygen for life activities. A diet of liver or treatment with liver 
extract increases the number of red cells in a manner not understood, but 
which is little short of marvelous. Death is thus prevented. 

(5) Leucocytosis. —There may be more than the normal number of 
white cells, a condition known as leucocytosis (Fig. 386iB). As stated before* 
in cases where there is an infection, the pumber of white cells increases 
and assists the body in overcoming the disease. The white cells are thus 
protective. In certain cases, the white blood cells increase greatly in 
number without any known cause. This brings about a condition known 
as leukemia, which usually terminates fatally. The cause of this disease 
is not understood. 

(6) Leitcopenia. —Sometimes the number of white blood corpuscles is 
below normal, a condition known as leucopenia. This is a characteristic 
symptom of certain diseases such as typhoid fever and tuberculosis. 

Questions 

1. Discuss the three types of circulation and give examples of each type. 

2. Describe circulation in the lower organisms, Elodea, Amoeba, and Hydra, 

3. Discuss transfer of materials in plants. 

4. Describe circulation in Hydra and flatworms. 

6. Compare the circulation of the earthworm with that of the crayfish. What are the 
peculiarities of the circulation of insects? 

6. Who discovered the circulation of the blood and when? 

7. What are some differences in the hearts of fish, Amphibia, reptiles, birds, and mammals? 

8. What would be the path of a blood corpuscle from the right lung of man back to the 
same right lung? 

9. Trace the route of the products of the digestion of a ham sandwich made with butter 
from the digestive tract to the cells of the body. 

10. Compare the veiu.s, arteries, and capillaries with regard to structure and function. 

11. What is the source of glycogen in the liver? 

12. What is the function of the blood plasma? How do the red corpuscles of man differ 
from those of a frog? Wliat are the functions of the red corpuscles? The white 
corpuscles? Are the white ^rpuscles aU alike? In what part of the blood is oxygen 
carried? The carbon dioxide? Where in the body do the white corpuscles originate? 
The red corpuscles? 

18. Give an account of exchange of gases in the capillaries of the lung. 

14. What is lymph? Is there a special lymphatic system? Explain. What is the function 
of the lymph? What is a lymph node? What are its two functions? Where does the 
lymph enter the venous system? 

15. Why does blood not clot in blood vessels? What would happen if the blood did not 
have the power of clotting? 
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16. Describe the events in the formation of a blood clot. What is Howeirs theory of the 
clotting of the blood? 

17. What is the role of the blood in the mechanism of heat regulation of the body? 

18. What are some functions of the blood aside from transportation of materials ? What is 
natural immunity? Acquired immunity? 

19. What are some disorders of the circulatory system? Which of these are preventable? 

20. Define: fibrin, leucocyte, lymphocyte, hemoglobin, antibody, antigen, antitoxin, vaccine 
agglutinin, precipitin, varicose vein, renal corpiiscle. 

21* Describe the four types of blood groups. Why may group 0 act as a universal donor? 
Why may group AB, act as a universal recipient? 



CHAPTER XXXVII 

RESPIRATION 


This being of mine, whatever it really is, 

Consists of a little flesh, a little breath and 
That part which governs. 

—Marcus Aurelius. 

I. The Respiration Process 

All living cells must take in oxygen in order to carry on chemical 
processes, and every cell must get rid of carbon dioxide, which is a waste 
product of the oxidation of substances within them. The taking in of 
oxygen and the giving off of the carbon dioxide, CO 2 , occur according to 
the law of diffusion of gases. According to this law, molecules will pass 
from places of high concentration to places of low concentration. It is 
interesting to note that the molecules of each gas behave independently. 
This is why oxygen can be taken in and carbon dioxide given off at the 
same time. In the blood, a greater concentration of CO 2 exists than in the 
air; hence GO 2 is diffused out through the moist surfaces of the cells of 
the lungs into the air in the cavities of these organs. The air is composed 
of about 20 per cent oxygen and 80 per cent nitrogen. The blood that 
reaches the lungs from the tissues is poor in oxygen; hence oxygen is taken 
into the blood from the air in the lungs. 

Among the chemical changes that take place in the cell is the breaking 
down of absorbed food into its final products. Such chemical changes are 
necessary in order to release the energy stored in these foods. The energy 
in the glucose manufactured by the plant came from the sun and was 
stored up during the process of food manufacture. Without energy organ¬ 
isms could not live. The work of the cell then is to transform energy stored 
up in the food that is absorbed by the cell (potential energy) into active 
energy or energy that is available for the use of the cell (kinetic energy). 

Scientific knowledge of breathing was not possible until the discovery 
of the circulation of the blood by William Harvey in 1628. Not until a 
hundred years later, however, was the teal foundation for the study of 
respiration made possible by the discovery of oxygen by Priestley (1733- 
1804) and the recognition by him of its importance to all living matter. 
Lavoisier (1743-1794) mad^ extensive studies and demonstrated that 
respiration is a chemical process, a process in which oxygen of the air is 
used and carbon dioxide is produced. Before this time, however, Robert 
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Hooke demonstrated before the Royal Society of London, in 1667, that a 
dog, to be kept alive, “must have a supply of fresh air.’' A little later 
John Mayo became convinced that air contained something necessary to 
life. He called this spiritus nitro aereuSy which was the substance later 
proved to be oxygen. 

li. Types of Respiration 

There is a distinct difference between respiration and breathing as the 
word breathing is commonly used. Breathing is pulmonary, or external 
respiration, whereas the exchange of gases in the cell is tissue^ or internaly 
respiration. 

A. Tissue or Internal Respiration.—The oxidation of food within a 
cell is often compared with the burning of fuel. Blnergy is always released 
during the processes of oxidation, and this is true whether food or wood is 
burned. But important differences exist between the burning of coal or wood 
and the oxidation of food within the cell. It is true that carbon dioxide, 
water, and kinetic energy are the final results in both cases, but certain 
differences may be noted. 

Wood or coal are oxidized only at very high temperatures; light is 
produced in burning these substances. In living things, oxidation takes 
place within cells at temperatures that vary from the temperatures of 
plants and cold-blooded animals living in cold countries to temperatures of 
plants and cold-blooded animals living in hot countries and warm-blooded 
animals. Another important difference is that respiration occurs in the 
protoplasm. Protoplasm is largely water. It would not be possible to carry 
on the process of combustion outside a living organism in water. But this 
process does occur in living things. Certain enzymes are present in the cell 
that are necessary for combustion, either directly or indirectly. The differ¬ 
ence between respiration and ordinary combustion may be accounted for, 
in part, at least, by the activity of the enzymes. This subject is discussed here 
because the respiratory process is so often compared with “burning,” or 
combustion. It is known what materials are used and what wastes are 
produced in respiration, but just how the changes are brought about is 
somewhat obscure. It is also known that stored food is used up and that 
heat is produced. Sometimes fires are caused by moist grain stored in 
warehouses or other places; respiration as a result of germination of the 
grain produces so much heat that the grain may catch on fire. Like all 
other chemical processes, the process of respiration is influenced by en¬ 
vironmental factors. For example, heat, moisture, etc., influence the rate 
at T^ich respiration takes place. 

V/B. Aerobic and Anaerobic Respiration, —Aerobic respiration (page 
156) takes place in the presence of free oxygen; anaerobic (Gr. aw, without; 
oar, air) does not require oxygen. The products of these two types of 
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respiration are different. In aerobic respiration, oxidation is completed, 
and the end products are carbon dioxide and water; in anaerobic respira¬ 
tion, intermediate products are formed, such as lactic acid and alcohol. 
There are two ways in which oxidation can take place in the absence of 
oxygen: ( 1 ) by the rearrangement of the atoms in the molecules (e.gr., of 
alcohol) without any additional oxygen; and ( 2 ) oxygen is used, but it 
must be obtained by the breaking down of the other components of the 
cell, since no other source of oxygen is available. Of course, a substance 
formed under anaerobic conditions (such as alcohol) can later be oxidized 
by free oxygen to carbon dioxide and water. 

III. Respiration in Plants 

In Fig. 102 , the exchange of gases in the plant is shown. Respiration 
in plants should not be confused with the process of 'photosynthesisy or 
food manufacture (page 140). Plants respire both day and night or they 
could not live, whereas photosynthesis can take place only in the presence 
of light. In the chapter on The Leaf (page 143) is a full account of the 
processes of respiration and photosynthesis. 

Plants do not possess the elaborate machinery for carrying on respira¬ 
tion that the animals do, but the process within the cell is exactly the 
same. The plant stores up foods; the air enters through the stomata (page 
133) and passes to spaces between the cells; oxygen is taken in by the cell; 
oxidation of stored food occurs, and energy is released. In this process, 
wastes are formed; these are carbon dioxide and water. The chemical 
reaction is expressed by the familiar formula: 

C 6 H 12 O 6 “j" 6 O 2 = 6 CO 2 “f” 6 H 2 O “h energy 
glucose oxygen carbon water 
dioxide 

To bring all this to pass, certain enzymes must be present. The funda¬ 
mental process of respiration is the same for all living things, plant or 
animal. 


IV. Respiration in Animals 

A. Organs of External Respiration^ or Breathing. 1. Cbll Suefaces. 
Elaborate systems for carrying on pulmonary, or external, respiration are 
present in many animals. In the Protozoa, however, all that is necessary 
is the gaseous exchange through the body surface. 

2 . Skin. —In the earthworm (page 339), the moist skin is an organ of 
respiration. Under this moist skin are many capillaries; the absorption of 
oxygen and the giving off of carbon dioxide take place between the blood 
in these capillaries and the outer air through the skin. These two gases act 
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independentljrof each other (page 339); the oxygen will pass from a place 
of high-oxygen pressure to a place of low-oxygen pressure; the carbon 
dioxide will do the same. In this case, the air has a higher oxygen content 
than the blood in the capillaries; hence oxygen will diffuse through the 
skin into the blood. The blood has a higher carbon dioxide content than 
the air; so the carbon dioxide diffuses out through the skin. 

In the frog, the skin is used as a supplementary respiratory organ, the 
lungs being present also (page 246). 

In higher animals, the oxygen load is carried by a protein substance, 
the hemoglobin (page 5()o). The hemoglobin attracts oxygen and forms a 
loose combination with it, oxyhemoglobin. The combination is so loose that 
the oxygen is easily given up when it reaches the tissues. In the earthworm 
and some other invertebrates, the hemoglobin is dissolved in the plasma 
of the blood; in the frog and higher animals, it is carried by the red cells 
(page 237). 

3. Gills. — Many invertebrates that live in water respire by means of 
gills. Here the oxygen dissolved in the water flows over the gills, which 
have a good supply of blood capillaries. The exchange of gases takes place 
here just as it does through the skin of the earthworm. 

In certain vertebrates, gills are present. The fish take in water through 
their mouths. In the wall of the pharynx are pouches that open to the out¬ 
side. Attached to the walls of the pouches are gills. The water taken in by 
the fish passes through its mouth and flows over the gills; the oxygen 
dissolved in this water passes through the gills into the capillaries. At the 
same time, the carbon dioxide brought by the blood to the gills by the 
capillaries is given up. In fish the hemoglobin is in the red blood cells that 
carry the oxygen. 

4. Tracheae. —In insects, there is a special system of air tubes, the 
tracheae (Fig. 281), which carry the oxygen directly to the tissues. These 
tubes branch again and again until minute tubules reach every part of the 
tissue. Carbon dioxide diffuses through the walls of the tracheae and is 
expelled to the outside from the tubes through the spiracles (page 400). 
The air is circulated in insects by a “pumping motion’’ of the abdomen, 
which contracts and expands the spiracles. Because of the tracheae, the 
blood of insects is relieved of the duty of transporting gases. In other 
groups, the circulatory systems, when present, serve to transport the 
gases of respiration. 

5. Lungs. — ^The organs of respiration of the higher animals are the 
trachea and lungs. These differ in certain details in different animals. In 
the frog, the lungs are simple (page 247), and no diaphragm is present. In 
the birds, there is no diaphragm, and the lungs extend far back into 
the body (Fig. 334). They connect with air sacs, usually nine in number. 
The air passes through the lungs into the air sacs, and aeration is quite 
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efficient (page 487). The lungs of birds are not simple sacs like those of 
the frog but are highly developed and contain many air chambers. 



B. Respiration in Man.—In man, the skin has almost lost its respira¬ 
tory function, and the lungs are more developed than in the lower animals, 
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since they must bear the entire burden of external respiration, or exchange 
of gases with the environment. 

1. The Organs of External Respiration. —The organs of exteir^al 
respiration are the nose, trachea or windpipe, and the lungs. Th^ 
passage of air is through the nose to the throat, through the glottis into 
the larynx and then through the tracheae, into the branches of the 
tracheae, to the sacs of the lungs. During this journey, the air becomes 
warm, gathers moisture, and is freed from dust by the hairs in the nose. 

a. Trachea and Bronchi. —^The two branches of the trachea are 
termed the bronchi, and one leads to each lung. These divide and sub¬ 
divide until they reach a size just visible to the naked eye. These small 
twigs, bronchioles, widen at the end so that each forms a thin-walled sac 



F 13 . 389.—<A) Diasram of a smalt bronchial tube (sreatly enlarged). (B) Diagram of 
one of the branches (still more enlarged). (C) Diagram to show the relations of the blood 
vessels, and the exchange of gases in the alveoli. (B. F. Edwards.) 

(alveolus) (Fig. 388). The trachea does not collapse because of rings of 
cartilage in the walls. 

b. Lungs.—The lungs are in the thoracic cavity. Surrounding each 
one is a thin, two-walled sac, made up of the pleurae. One pleura lines 
the walls, floor, and roof of the chest; the other covers the surfaces of the 
lungs. When the lungs are inflated, the pleural membranes covering them 
are in contact with the pleural membranes lining the thoracic cavity, but 
when the lungs are only partially inflated, there is a space between the 
two membranes, the pleural cavities (one for each lung). Infection of 
the pleural membranes is known as pleurisy. 

Because the lungs contain air, even after as much air as possible has 
been forced out of them they will float in water. 

The walls of the alveoli are very thin and are composed of cells one 
layer thick. Each of these alveoli is surrounded by capillaries, which 
also possess thin walls. The red cells that pass along in the capillaries 
are therefore separated from the air supply by only two membranes of the 
greatest possible thinness. An exchange of gases takes place here easily 
by diffusion (Fig. 389). 
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c. Diaphragm. —The thoracic, or chest, cavity is separated from the 
abdominal cavity by the diaphragm. This is a thin sheet of muscle and is 
dome-shaped (Fig. 388). 

%. Mechanism of Breathing, a. The Respiratory Center. —It is 
possible to hold one’s breath for a time, but the process of breathing is 
not a voluntary one. It is controlled by a respiratory center in the 
medulla oblongata. This is proved by the fact that if one particular 
spot in the medulla, the “vital knot,” is cut, all breathing stops immedi¬ 
ately. Just how the automatic and rhythmic breathing is controlled is 
not well understood. Carbon dioxide appears to play some role. 

During muscular exercise, the rate and depth of breathing are 
increased. This is associated with a number of changes. A reduction 
of oxygen in the blood occurs, because this gas is now being used by the 
active muscles at an increased rate; an increase in the amount of lactic 
acid and carbon dioxide also takes place. Carbon dioxide, or something 
closely associated with it, stimulates the respiratory center. An experi¬ 
ment will prove this. Suppose one breathes air from a small closed 
chamber and allows the expired air, but no fresh air, to return to the 
chamber. If the carbon dioxide is removed from the expired air and the 
air is rebreathed until all the oxygen is gradually taken up, the ratio of 
breathing is very little accelerated. But if the same experiment is repeated, 
except that carbon dioxide is not removed but is allowed to accumulate 
to be rebreathed again, breathing becomes markedly accelerated, and 
extreme discomfort results. The waste that should be eliminated stimu¬ 
lates the breathing center and thus hastens the removal of that waste. 
The carbon dioxide is, therefore, instrumental in adjusting the respiratory 
rate to the varying degrees of the activity of the organism. 

b. Inspiration and Expiration. —^The taking in of air is inspiration 
(L. iny in; spirare, to breathe), or inhalation, and the breathing out of 
air is exhalation or expiration {L. eXy outside; spirare^ to breathe). The 
chest cavity is a completely closed box (Fig. 3901), and the lungs are in 
communication with the exterior through the air passages. Before air can 
enter the lungs, the size of the chest cavity must be increased. This is 
accomplished in two ways: muscles lift up the ends of the ribs, widening 
the cavity of the chest, while other muscles, by contraction, draw the 
diaphragm downward, thus increasing the depth of the chest. This 
enlargement causes the air to rush into the lungs and to expand them 
until they fill the pleural cavity. During expiration, the ribs and sternum 
fall, chiefly by their own weight, and the diaphragm is pushed up by the 
stomach and the liver. The lungs are elastic, and the stretched walls 
of the air sacs return to normal, thus forcing the air out. In Fig. 390II, 
the stretched rubber on the bottom of the bell jar represents the dia¬ 
phragm and the rubber tubes represent the lungs. When the rubber sheet 
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is pulled down, the size of the space inside the bell jar is increased, 
and the air from the outside fills the balloons; when the rubber sheet is 
contracted back to normal, the size of the space inside the jar is made 
smaller, and the air is forced out by the collapsing of the walls of the 
balloons. In making this experiment, the trachea and lungs of a freshly 
killed animal may be used. The total surface of the respiratory epi¬ 
thelium of an adult man is nearly 100 sq. m. or about fifty times the area 
of the skin. The importance of such a large area for effecting rapid 
gaseous exchange is obvious. 



a b a b 

Fig. 390.—(I) Diagram to illustrate some of the changes that take place in the body, 
(a) during inspiration and (b) during expiration. (II) Experiment to illustrate the role of the 
diaphragm in breathing. (Adapted from various sources by L. Runyon.) 

<?• Vital Capacity ,—In man at rest, about 16 breathing movements 
take place per minute, and at each breath about 500 cc. of air are inspired 
and expired. But by forced expiration one can breathe out about 1,600 cc. 
more. Even after this, some air still remains in the lungs. 

The various types of air may be designated as follows: Tidal air is the 
air that is breathed in and out dming ordinary, quiet respiratory move¬ 
ments (about 500 cc.). Complemental air is air that is taken in with a 
very long, deep breath or that can be inspired after the tidal air by taking 
a very deep breath (about 1,600 cc.). Supplemental air is the amount 
that can be breathed out by forcible expiration after a quiet expiration 
(about 1,600 cc.). Residual, or minimal, air remains after the most forced 
expiration (about 1,000 cc.). This air causes the lungs to float when they 
are removed from the body and placed in water. Vital capacity is the 
amount of air that can be breathed out after taking the deepest breath 



RESPIRATION 


581 


possible. It is a rough measure of lung capacity. It varies with the size, 
age, and sex of the individual. In the average adult man it is about 
3,700 cc. but may vary from 2,400 to 6,200 cc. Naturally, the tidal air 
(about 500 cc.) plus the supplemental air (about 1,600 cc.) plus the com- 
plemental air (1,600 cc.) is the vital capacity. 

3. Changes in Respired Air; Ventilation. —^The air breathed in is, 
of course, of the same composition as the air on the outside, but it loses 
oxygen and takes up carbon dioxide in its journey through the lungs. 
However, not all the oxygen is taken out of the air during respiration. 
About three-fourths of the oxygen in the air taken in is still present in 
the air when it is expired. The concentration of carbon dioxide in expired 
air is not very high. Kxpired air can, therefore, be breathed over again 
and deliver oxygen to the lungs. The nitrogen of the air is not used 
by the body in any known manner. As much is inspired as is expired. 


Changes im the Gaseoi's Content op Inspiked and Expired Am 



N 

0 

CO 2 

Inspired. 

79 

i60.96 

0.04 

Expired. 

79 

10.02 

4.S8 

• 

0 

4.94 lost 

1 

4.31 gained 


The older theories regarding the ill effects of overcrowded rooms were 
that these effects were due partly to the accumulation of carbon dioxide 
and partly to the removal of oxygen. (Carbon dioxide is present in pure 
air in only 0.03 per cent and oxygen in about 21 per cent. Accurate meas¬ 
urements seem to prove that the discomforts due to '‘bad’* air are not 
caused by these two factors but arc the result of odors, high temperature, 
a large amount of moisture, and stillness. ^Vhen the air is saturated with 
moisture, it cannot take up moisture from the skin, and hence its cooling 
power is limited. Although fanning oneself is a cooling process, the fan 
does not bring cooler or less humid air; it does bring a greater amount of 
air in contact with the skin. 

The Black Hole of Calcutta .—In Calcutta, 146 persons were imprisoned 
on a hot night in a room about 20 ft, square. There was a small window 
in the wall of the room open to the air from the outside, yet in the morning 
all but 23 were dead. In this case the deaths were due not to an excess 
of carbon dioxide or to a lack of oxygen but to the other factors noted 
above. 

Ventilation .—^In recent years a large number of public buildings as 
well as private homes have been air-conditioned; i.e,, the outside air is 
drawn into a conditioning room, where it is washed, warmed, or cooled 
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as desired, moisture added if required, and then distributed by a system 
of fans to all parts of the building. Circulation is provided for by use of 
force and suction. 

4. External and Internal Respiration Compared. —Although 
breathing is necessary for respiration, it is not respiration itself. To 
differentiate it from the cellular respiration of the tissues, it is often called 
external respiration. 

In the small air sacs, more oxygen is present than in the blood; hence 
the oxygen diffuses into the blood, and the hemoglobin of the red blood 
corpuscles attracts it and forms a temporary combination with it, the 
oxyhemoglobin. The hemoglobin can absorb enormous quantities of 
oxygen. The blood th,at enters the lungs contains more carbon dioxide 
than there is in the alveoli; hence carbon dioxide diffuses out of the 
capillaries into the alveoli and passes out of the lungs in the expired air. 
Just the reverse of this is true when the blood reaches the tissues. More 
oxygen is present in the arterial blood than in the tissues; hence oxygen 
diffuses out of the blood into the tissues. Since the cells produce carbon 
dioxide, in high concentration this gas diffuses into the capillaries. In 
both cases, the exchange takes place through moist membranes. It is all 
a matter of the concentration of the gases and the process is that of 
diffusion. Apparently the cells take no active part in the transfer. 

5. Artificial Respiration. —In cases of near drowning, coal-gas 
poisoning, or in other cases where the breathing machinery fails, it is 
often possible to cause breathing to begin again by the administration of 
certain methods. There are several machines that arc useful in these cases, 
but they are not always available. The Schafer ‘‘prone-pressuremethod 
requires no apparatus and seems reliable. 

Figure 391 shows the position of the operator and the victim. The 
operator places his hands over the lower ribs pf the victim and throws the 
weight of his body forward, pressing against the lower ribs of the patient 
from 12 to 15 times a minute. This forces air (or water) out of the lungs. 
As the operator gradually brings his body to a more erect position, the 
pressure is relaxed, then applied again. It may take half an hour or more 
for normal respiration to begin. 

An apparatus called an artificial lung has been invented; sufferers 
from paralyzed lungs may be placed in this machine and their lungs 
artificially ventilated for weeks at a time if necessary. 

6. Defense Mechanisms against Bacteria. —The hair that lines 
the nasal cavities filters out many foreign bodies; some bacteria and other 
particles are trapped by the mucus that covers the mucous membrane. 
Many bacteria are expelled by coughing and sneezing. The mucous mem¬ 
brane is covered with cilia that moves the mucus, with any bacteria that 
it may contain, back to the throat, where it is coughed up or swallowed. 
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7. The Voice. —The breathing apparatus also produces the voice. 
The voice box is the larynx (Fig. 392II), located at the upper end of the 
trachea. The vocal cord^, are two thin membranes or bands lying within 
the voice box. They are fastened to the front wall of the larynx and to 
two cartilages (arytenoid) in the back. Small muscles move the cartilages. 
Figure 392II illustrates how the cords are brought to the mid-line during 




Fig. 391.—Artificial rcipiraiion. (A) Pint petition. (B) Second position. (Courtesy of the 

American Red Cross.) 

speech and how they are swung out from each other at ordinary times. 
When not in use, these cords lie against the Wall of the larynx, and hence 
no sound is produced during ordinary breathing. 

Volume or loudness can be modified by changing the force of the air 
current. Pitch depends upon the length and tightness of the cords as well 
as upon the number of times they vibrate per minute (frequency). Women 
and children possess short vocal cords, and their voices are, therefore, 
high-pitched. In men, the vocal cords are longer, and the voice is deeper. 
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The quality of the voice depends upon many factors, such as the size 
of the throat and the character of the trachea and chest. 

Coughing and sneezing result from the irritation of the lining of the 
respiratory tract. Yawning, sighing, snoring, and hiccoughing are other 
examples of modified respiratory acts, the mechanism of which is imper¬ 
fectly understood, 

8. Some Disorders of the Respiratory Tract, a. Diseases of the 
Trachea and Lungs, —The respiratory passages are warm and moist and 
therefore offer ideal places for the growth of microorganisms. Some of 


FRONT OF LARYNX 



FI 9 . 392.-—(I) Adenoids. Schematic diasram of the head and neck showins the location 
of adenoids and one tonsil. (II) Vocal cords, viewed from above. (A) Position while singing 
a high note. (B) Position in quiet breathing. (C) Position during a deep Inspiration. The 
cords are fastened in front to the larynx and to two cartilages, arytenoid. In the posterior. 
(B, Shamos.) 


these produce symptoms and are named after the place infected. Inflam¬ 
mation of the nose is called rhinitis^ of the pharynx, pharyngitis^ and of 
the larynx, laryngitis. These diseases may all be variations of the common 
cold. The real cause of the common cold has never been determined. It 
may be due to a submicroscopical substance, a filterable virus (page IS). 
Infections of this type may spread to the middle ear or to the sinuses, 
which open directly into the nasal cavity. Serious illnesses may follow. 
Tonsils may become badly infected and spread their infection to other 
parts of the body. Infection of the bronchi of the trachea may give rise to 
bronchitis. Pneumonia is due to the infection of the alveoli. Tuberculosis 
may extend into the deeper tissues of the lungs. 
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b. Allergy, —Certain troubles of the respiratory tract are not due to 
infections but to sensitiveness, or allergy, to certain substances, such as 
dust and pollen that float about in the air. Hay fever and asthma are dis¬ 
eases of this type. 

c. Occupational Diseases, —Some occupations, such as polishing metals, 
pottery making, and cotton spinning, lead to injury of the lungs. The 
inhalation of metal or mineral dust injures the lungs and leads to pul¬ 
monary diseases, such as bronchitis and tuberculosis. Silicosis is a disease 
caused from the inhalation of silicon (sand) or quartz dust. 

d. Adenoids, —Sometimes adenoid tissue, which is connective tissue, 
grows larger than is normal and partially closes the air passage (Fig. 3921). 
Children with adenoids usually are “mouth breathers.Enlarged adenoids 
affect the general health and hinder proper development of the mouth. 
The lower jaw may recede, and the hard palate may become narrow and 
highly arched. Also, more bacteria gain entrance through the mouth than 
through the nose. The number of bacteria that enters the tubes is greatly 
increased by breathing through the mouth. 

e. The Effects of Barometric Pressures, —^Iligh air pressure is experi¬ 
enced in submarine work, diving, etc. Workers subjected to high air 
pressure sometimes suffer if they are not returned to normal pressure 
gradually. If released from high pressure suddenly, gases in the blood, 
particularly nitrogen, are liberated in the form of bubbles that may block 
the capillaries. As a result, pains in the muscles and joints, and other 
symptoms may appear. 

On the other hand, low air pressure is of interest in connection with 
aviation, life at high altitudes, etc. Some people are affected unpleasantly 
by altitudes of 9,000 ft. or more. The symptoms include headache, nausea, 
weakness, and other discomforts. The term mountain sickness is sometimes 
applied to disturbances due to high altitudes. The results noted are not 
clearly understood; a deficiency of oxygen may account for some of the 
symptoms. 

V. Summary 

Respiration takes place in all living things. In the one-celled organisms, 
it takes place through the cell membranes, no special respiratory organs 
being present. Plants respire both day and night. Air reaches the air 
spaces through the stomata, and exchange of gases is through the cell 
wallsr. In the lower animals, the organs of external respiration or breathing 
may be the skin, as in the earthworm, the skin and lungs, as in the frog, 
the gills, as in crayfish and fish, trachea, as in the insects, or, in the higher 
animals, the trachea, bronchi, and lungs. The process of external respira¬ 
tion is exactly opposite from internal respiration. In the former, oxygen 
from the air is taken into the lungs or their counterpart and absorbed by 
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the blood in the capillaries; at the same time, the carbon dioxide in the 
blood in the capillaries diflFuses into the air spaces and goes out with the 
breath. In internal respiration, the oxygen is brought to the cells by 
the blood. It enters the cells by diffusion, and carbon dioxide diffuses from 
the cells to the blood. Just how oxygen is used by the cell in oxidation 
processes is not known. 

Questions 

1. Distinguish between breathing and respiration; external and internal respiration. 

2. Why must all living things have oxygen? How do anaerobic organisms get their 
oxygen? How is it possible for foods to be oxidized in the body at low temperatures? 

3. Compare respiration in the earthworm with that in the crayfish. What are the peculiar¬ 
ities of the respiratory systems in insects? 

4. Compare respiration in the fish and frog. Wliy is it possible for a frog, though an air 
breather, to stay under water for a long time? 

5. Compare gills and lungs as respiratory organs. 

6. What peculiarities of the respiratory system in birds are related to their mode of life? 

7. Describe the respiratory organs of man. 

8. Give an account of the events of inhalation and expiration. 

9. Discuss the exchange of gases in the lung. How is it possible for oxygen to be absorbed 
by the blood and carbon dioxide given up at the same time? 

10. What are some protective devices in the respiratory tract? 

11. Explain why breathing is automatic and rhythmic. Where is the breathing center 
located? 

12. Describe the vocal organs. How is the voice controlled? 

13. Explain the relationship between the circulatory and respiratory system in animals 
(except insects). 

14. Discuss some disorders of the respiratory tract. Which of these is preventable? 

15. What are some effects on respiration of barometric pressure? Why do you think that 
pilots in “dive bombers” should be young? 

18. Define: vital knot, vital capacity, oxidation, aerobe, anaerobe, alveolus, pleura, 
allergy, adenoid. 
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Find out the cause of this effect. . . . 

-Sh AKESPE A BE. 

L Wastes 

Chemical changes take place in all living cells. These changes include 
the general processes of metabolism that involve growth and repair. Some 
of the compounds formed during metabolism are not used for purposes of 
growth and repair but are classed as wastes. Wastes may be harmful, and 
their accumulation may mean death to an organism; or they may be harm¬ 
less and in some cases useful. In order to get rid of wastes, the organism, 
plant or animal, has developed various methods of excretion (L. eXy out, 
cernere, to sift). These methods may be fairly sim]>le, or they may involve 
elaborate systems of organs. 

11. Excretion in Plants 

Carbon dioxide and water as excretory products have been mentioned 
many times (Fig. 393). Thousands of other compounds that are formed 
by plants may be classed as wastes; one author has listed over 4,000. 
These include essential oils, gums and resins, organic acids, tannins, 
alkaloids, pigments, and minerals. Many of these are of use to man. 

Plants do not possess the well-developed excretory systems such as 
those that occur in animals. Wastes in plants may be eliminated by diffu¬ 
sion from roots or by secretions from surface glands. The dropping of 
various parts like bark, leaves, and twigs disposes of certain wastes. Often 
wastes are not excreted at all but stored up in some part of the plant. This 
accounts for most of the substances mentioned above. The carbon dioxide 
produced during respiration may be used by the plant for the manufacture 
of food, or it may take part in photosynthesis (page 140). In the dark, the 
carbon dioxide diffuses out of the plant as a gaseous waste, or it may 
combine with water to form carbonic acid, and this may diffuse out of the 
roots and aid in dissolving mineral salts so that they may be absorbed by 
root hairs. Roots excrete other substances, some of which may be bene¬ 
ficial to the growth of plants; others are toxic or harmful. 

The general subject of water loss from plants involves guUaiion (page 
147). This is not to be confused with transpiration, which is giving off 
water in the form of vapor. In guttation, the water is exuded from special 
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Fi9< 393f—E?(«rftory mechanitnif in plant! and animals. (Bl) Bladdtr; (Cl) cloaca; (K) kidney; 
(U) ureter; (Ur) urethra. (B. F. Edwards.) 
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structures connected with the vascular system. The drops lie along the 
edges of leaves and are sometimes mistaken for dew (Fig. 100). 

III. Excretion in Animals 

A. Types of Wastes and Their Elimination.—Except for the Protozoa 
and a few other types of lower invertebrates, animals possess definite 
excretory systems. Animal wastes may consist oi the indigestible remains 
of food or of unabsorbed food. These are often spoken of as feces and are 
cast out of the alimentary canal. Usually, however, by excretion is meant 
the waste products of cell activity. In this class are carbon dioxide, urea, 
and many other substances. Another class of wastes includes cast-off 
materials, such as dead flakes of skin in man, the scaly outer covering in 
snakes, the exoskeleton of insects, crayfish, and other animals, the feathers 
of birds during molting, and nails and horns in certain mammals. Since 
these are not the result of metabolic processes, they represent a different 
type of waste from that produced during metabolism. 

Elimination is getting rid of wastes more or less mechanically, as from 
the intestine and bladder; excretion is extracting wastes from a circulating 
medium, the body fluids, and passing them to a temporary depot such as 
the bladdet, lungs, and alimentary tract. 

B. Excretory Organs and Their Functions. 1. Invertebrates, a. 
Cell Surfaces .—In the Protozoa, excretion takes place through the cell 
walls by diffusion and through the contractile vacuole if one is present. 
Many Protozoa do not have contractile vacuoles, particularly the salt¬ 
water forms. In the coelcnterates, sponges, and ctenophores, there are no 
special excretory organs, and elimination takes place through the 
body surfaces by diffusion (Fig. 393). 

b. Protonephridia .—In flatworms and nemerteans, the “flame cell” 
(page 314) is a simple type of excretory organ. The motion of a tuft of cilia 
suggests the flickering of a flame; hence the name. These cells are con¬ 
nected with coiled tubes that fuse to form a system of canals that open to 
the surface of the body by excretory pores. The wasters in the surrounding 
tissues diffuse in the flame cells and leave the body by the excretory pores. 

c. Nephridia .—The earthworm possesses a pair of excretory organs in 
each of its segments, except the first three and the last; these are nephridia 
(Fig. 235). Each nephridium consists of a funnel and a much-coiled tube 
(page 339). The funnel opens into the body cavity and the tube opens 
to the exterior by way of pores. 

d. Green Glands and Malpighian Tubules .—^In the crayfish (page 363), 
the excretory problem is taken care of by green glands; in insects 
Malpighian tubules are the excretory organs (page 400). 

2 . Vertebrates in General, —^There are three types of chief excre¬ 
tory organs, or kidneys, in the vertebrates: (1) pronephros^ (2) meso¬ 
nephros^ (3) melanephros. 
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а. Pronephros (Gr. pro^ before; nephros^ kidney).—^The pronephros 
type of kidney is functional in cyclostomes, young fish, and young amphib¬ 
ians, but only in the embryos of other groups. It is situated near the 
head in the coelom and, for this reason, often called the head kidney. It 
may consist of from 1 to 13 tubules, each with a funnel-like ciliated 
nephrostome. Each tubule is something like the nephridium of the earth¬ 
worm. A collecting duct, the pronephric duct, leads to tlie cloaca. 

б. Mesonephros (Gr. mesos, middle; nephros ),—^This type of kidney 
is functional in fish and amphibians and is referred to as the middle kidney. 
It is situated in the coelom, further down than the location of the pro¬ 
nephros. It is more complicated in many ways than the pronephros. Each 
uriniferous tubule ends in a Malpighian body, which consists of a knot of 
blood vessels, the glomerulus, enclosed in a capsule, Bowman’s capsule. 

The blood supply of the mesonephros of the frog is from the renal 
portal system. The mesonephros removes urea and other wastes to be 
eliminated from the blood. This material, the urine, is gathered by the 
collecting tubules, which empty into the mesonephric duct. This, in turn, 
empties into the cloaca. The urine may be stored in a bladder if one is 
present, as in the frog, and return to the cloaca for elimination to the 
outside through the anus. The nephrosiomes of the tubules usually open 
into the coelom. 

c. Metanephros (Gr. meta, after; nephros)^ or Posterior Kidney ,—^In 
this type of kidney, there are no nephrostomes opening into the coelom, 
and a new duct makes its appearance, the ureter. This leads directly from 
the kidney to the cloaca in some forms; in man, it leads to the bladder. 
The blood supply is from the aorta, and the renal veins connect with the 
posterior vena cava. The renal portal system, which supplies the meso¬ 
nephros in the amphibians, is not present in the amniotes. The renal 
corpuscle, or Malpighian body, is the same in the metanephros as it is 
in the mesonephros. 

In embryonic development of the amniotes, the pronephros appears 
first; then the mesonephros replaces this; and finally, the metanephros 
takes over the functions of the kidney. This is one of the examples often 
used as illustrating the biogenetic law (page 391), that the development of 
the individual recapitulates the development of the race. 

Because of the close association of the excretory and reproductive 
systems, they are termed together the urinogenital system, 

d. Bladder ,—The bladder is a storage organ tor urine; it is not found 
in all vertebrates. Some fish have a diverticulum from the cloaca called 
a bladder; in other fish, a bladder is formed from the fused ends of the 
Wolffian ducts. In some Amphibia, as the frog, there is a small bladder 
connected with the cloaca (Fig. 165). Urine is stored here but goes again 
to the cloaca before going to the outside. A bladder is missing in snakes, 
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crocodiles, andl>irds (Fig. 393J). In some reptiles and in all mammals, a 
bladder for the storage of urine is formed from the base of the allantois. 
In mammals, the ureters pass directly from the kidneys to the bladder; 
the urine is expelled to the outside through a tube, the urethra (Fig. 
S9SK). 

3, Excretion in Man. —The excretory organs of man are the skin, 
lungs, liver, kidneys, ureters, bladder. 

a. Role of the Skin in Excretion. —The skin in man performs important 
functions in the process of excretion. It may excrete about 600 cc. of 
water during an ordinary day; on a hot day it may excrete as much as 
2,000 to 3,000 cc. But in spite of this apparently great amount of water, 
the total solids excreted by the skin are not very great. It is to be borne 
in mind that the chief function of the sweat is to keep the body cool. If 
the water is not needed for this purpose, it is not secreted from the blood 
by the sweat glands; excess water in the body is eliminated by the 
kidneys. 

h. Excretion and the Lungs. —In the process of breathing, water con¬ 
taining carbon dioxide and small amounts of organic substances is given 
off or eliminated. The amount of water lost from the body in this way 
is estimated variously from 200 to 300 cc. daily and the amount of carbon 
dioxide, from 12 to 14 cu. ft. The lungs are, therefore, very important in 
the elimination of wastes, especially carbon dioxide (see also page 579). 

c. Excretion and the Liver. —Bile is a waste product, though it per¬ 
forms a useful function in aiding in the absorption of fats (page 538). 
There are certain cells in the liver, Kupfer cells, which are said to be con¬ 
cerned in the destruction of red blood corpuscles. The spleen and the bone 
marrow are also said to aid in destroying worn-out red corpuscles. The 
products of these destroyed red cells form a large part of the bile that is 
formed in the liver. 

Urea is formed in the liver and carried by the blood to the kidneys to 
be excreted. The formation of urea is complex and involves many proc¬ 
esses not well understood. It is known that certain of the liver cells work 
in association with certain enzymes that are specific for some split prod¬ 
ucts of protein metabolism. There may be several steps in the process 
and several enzymes active. One method of the formation of urea is by 
deaminization. If an excess of amino acids, products of protein metab¬ 
olism, occur ill the blood, the liver splits off the NH 2 radical of the amino 
acid and converts the remainder into glycogen, or animal starch, a carbo¬ 
hydrate that is a reserve food. The NH 2 is then changed to NHs (am¬ 
monia), which is combined with carbon dioxide to form urea and water. 

2NHa + CO 2 « C0(NH2)2 + H 2 O 

urw winter 
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This goes by way of the blood stream to the kidneys to be eliminated. 
d. Excretion and the Kidneys .—As in the frog, the kidneys in man 
lie at the back of the abdominal cavity. They are bean-shaped, brownish 
in color and are from about 4 to 43^ in. in length. A longitudinal section 
through the middle of the kidney reveals three regions: (1) the outer 
cortex^ (^) the medulla^ containing the pyramids^ which are made up of 
tubules, and (3) the pelvis, which is the enlarged end of the ureter (Fig. 
394). At the apex of the pyramids are the papillae, and the tips of each 
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Fig. 394.—Diagram of the human urinary system, posterior view. (B. F. Edwards.) 


papilla are the openings of the collecting ducts that are formed by the 
union of several uriniferous tubules. The ureter leads directly from the 
kidney to the bladder. From the bladder, an unpaired duct, the urethra, 
leads to the outside (Fig. 394). The various parts of the kidney tubule 
have different functions. The terminal part of the tubule, which lies in 
the cortex, is the Malpighian tubule^ or renal corpuscle. The corpuscle 
has a double-walled capsule in which is a knot of blood vessels, the 
glomervXus (Fig. 395). The rest of the tubule is a much convoluted por¬ 
tion leading to the loop of Henle, and this, in turn, is connected with a 
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collecting tubule that empties into the pelvis of the kidney, which is the 
enlarged end of the ureter. 

The blood is brought to the kidneys by a pair of renal arteries, which 
are branches of the dorsal aorta. In each kidney, these break down into 
small afferent arteries, which enter the glomeruli. The blood brought by 
an afferent artery circulates through the glomerulus, leaving by an 
efferent artery (Fig. 172). After leaving the glomerulus, the efferent 
artery breaks up into a capillary network over the convoluted surface 



Fig. 395.-—(A) Diagram of uriniferoui tubules. (B) Bowman's capsule of a tingle tubule, 
greatly enlarged. See also Fig. 172. (B. F. Edwards.) 

of the tubule. The work of the kidney is believed to be partly filtration 
and partly secretion. It is probable that since the walls of Bowman’s 
capsules are thin, water and inorganic salts are filtered out into the 
lumen. This filtration is probably brought about by a difference in 
pressure in the blood vessels and the lumen (Fig. 172). The urea, 
uric acid, and other materials that make up the urine are probably 
secreted from the blood in the second set of capillaries by the cells of 
the convoluted tubules. There is also a certain amount of reabsorption 
of materials—sugar, for example—by the tubules (see also Fig. 172). 

e. Other Functions of the Kidneys .—The kidneys have other important 
functions than those connected with secretion and elimination of urine. 
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(1) Regulation of the composition of the blood, (a) Sugar 
Content.—In health, the concentration of glucose in the blood plasma 
is maintained between the limits of about 0.08 to 0.14 per cent, averaging 
about 0.1 per cent (page 546). The liver helps regulate the sugar in the 
blood by storing up glycogen (page 538), which is used when the blood 
sugar falls below the normal level. The kidneys also play a part in main¬ 
taining the blood-sugar level. In the filtrate from the glomerular portion 
of the tubule, there is a considerable amount of sugar. In health, none of 
this appears in the urine; it is, therefore, reabsorbed by the tubules and 
returned to the blood stream. But in cases where the amount of sugar is 
very greatly increased in the blood, as, for example, in diabetes, the 
tubules are unable to reabsorb the sugar, and so it is excreted with the 
urine. 

(b) Volume of Blood.—The kidneys tend to regulate the volume of 
blood, since they excrete excess water; the urine thus becomes dilute and 
is increased in amount. After loss of blood, as the result of hemorrhage, 
water is conserv^ed, and the volume of urine becomes diminished. 

(c) Salt Content.—This is also regulated to some extent by the kid¬ 
neys by altering the ratio of salt to water produced in the urine. This 
depends upon the amount of salts and water taken into the body. 

(2) Other activities of the kidneys. —These include syntheses of 
certain acids and other chemical reactions too complex to go into here. 

/. The Bladder and Excretion. —The bladder in man is a muscular 
organ capable of much expansion. The kidneys work all the time, and the 
secretion, the urine, goes to the bladder through the ureters, drop by 
drop. The flow down the ureters, which are about in. long, is accom¬ 
plished partly by gravity and partly by peristaltic action of the ureters 
themselves. The ureters enter the posterior wall of the bladder, and each 
is guarded by a valve. The urine may be retained in the bladder until 
there is about 3'2 The bladder is emptied by relaxation of a valve 
which guards the urethra and by contraction of the abdominal muscles. 
This function is somewhat under the control of the will. About 1,500 cc. 
of urine are excreted by a normal adult over a period of a day. 

g. Some Disorders of the Excretory System, —Many disturbances may 
occur in the activities of the kidneys. Some of these are due to infectious 
diseases. Disease-producing bacteria may enter the kidneys from the 
blood and bring about destruction of tissue. Or sometimes toxins pro¬ 
duced by bacteria may entef the kidney and injure it. For example, 
diphtheria germs that are located in the throat may do great harm to the 
kidneys. Kidney stones, like stones in the gall bladder, are caused by the 
precipitation of some solids in the urine. They may block the flow of urine 
from the kidney; as a result, the kidney may degenerate. Fortunately, 
one kidney can perform all the necessary functions; hence the removal 
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of a diseased one often leads to recovery and health. Bright's disease is 
associated with high blood pressure. In this disease, the tissue of the 
kidney is injured. 

C. Summary.— Elimination is getting rid of wastes mechanically; 
true excretion is extracting the end products of metabolism, the wastes 
not used by the organism, from a circulating medium, and passing them 
to temporary waste depots such as the lungs and the bladder, to be 
eliminated. 

The invertebrates have various types of excretory organs. In Protozoa 
and the coelenterates, the cell surfaces serve as excretory organs. In the 
flatworms, there are flame cellsy" which are primitive excretory organs; 
in the earthworms, the nephridia are more complex. A pair of nephridia 
is situated in every segment of the earthworm except the first three and 
the last. Green glands take care of excretion in the crayfish, and Mal¬ 
pighian tubules are the characteristic excretory organs of the insects. 

Kidneys are the chief excretory organs of the vertebrates^ the accessory 
organs being the skin, the lungs, and the liver. Three types of kidneys 
occur: the pronephros of the cyclostomes; the mesonephros^ as in the 
frog; and the highly complex, remarkable structures, the metanephros 
of the higher animals, including Man, 

Questioni 

1. Distinguish between excretion and elimination. Why are the solid wastes in the intes¬ 
tine not considered in the same class as the waste products of metabolism? 

2. Give an account of excretion in plants. 

3. (Compare excretion in Hydra, earthworm, crayfish, and grasshoppers; in frog and man. 

4. Distinguish between pronephroi, mesonephrt)i, and metanephroi. 

5. Which animals have functional pronephroi; mesonephroi; metanephroi? Is there any 
significance in the appearance of pronephroi and mesonephroi in the embryonic stages 
of the higher animals possessing metanephroi? 

6. Where is urea formed? How is it excreted? 

7. Wliat are the regions of the kidney? 

8. Discuss the structure of a Bowman’s capsule, and state the work done by each part of 
it. 

9. Compare the function of the bladder in the frog and in man. 

10. Discuss the work of the kidneys as a whole. Besides excretion, what other important 
functions are taken care of by the kidneys? 

11. What is the role of the skin in excretion? The lungs? The liver? 

12. Explain how infections in any part of the body may cause injury to the kidneys. 

18. How are kidney stones formed, and what barm may they do? 

14. Define: ureter, urethra, renal corpuscle, “flame cell,” guttation, nephridium, cloaca, 
Malpighian tubule, glomerulus, pronephros, mesonephros, metanephros. 
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Memory, the warder of the brain. 

—Shakespeare. 

I. Stimulus and Response 

One of the most characteristic properties of living things is that they 
can receive stimuli and that cells, tissues, organs, even the entire organ¬ 
ism itself can respond, each in its own way, to stimuli. The stimulus may 
come from the outside or the inside of the organism; it may be internal 
or external. In a biological sense, a stimulus is something that “excites 
the body to activity.’’ Many kinds of stimuli affect living things, such 
as change in the concentration of light, various chemicals, electrical 
currents, changes in osmotic pressure, changes in temperature, etc. 

The response of living things to various kinds of stimuli is called a 
tropism (Gr. trope^ a turning) or taxis (Gr. tdxisy arrangement).. 

A. Types of Tropisms«—Responses to stimuli are of two types, posi¬ 
tive and negative. For example, a Euglena will swim toward a weak 
light; i.6., it will respond jK)sitively to the light; but the same Euglena 
will avoid bright light or respond negatively. A list of the various types 
of tropisms is placed here for reference. 

Response to light, phototropism (Gr. pitos^ light; trope, turning). 

Response to water, hydrotropism (Gr, hydro, water). 

Response to gravity, geotropism (Gr. ge, earth). 

Response to heat, thermotropism (Gr. therme, heal). 

Response to chemicals, chemotropism (Gr. chemem, a mingling). 

Response to electric current, electropism (Gr. elektron, shining, the sun). 

Response to touch, thigmotropism (Gr. thigma, touch). 

Response to currents, rheotropism (Gr. rhcos, current). 

Response to color, chromotropism (Gr. chromos, color). 

Response to the sun, heliotropism (Gr. helios, sun). 

Response to air currents, anemotropism (Gr. anemos, wind). 

B. Responses of Organisms to Stimuli.—Only a few of the more 
familiar responses of organisms to various types of stimuli are mentioned 
below. 

1, Light, a. Plants ,—^Experiments that can be carried out in the 
laboratory will illustrate the amazing response of plants to the stimulus 
of light. For example, plants placed in a window tend to spread their 
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PHOTOTROPI8M 
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EARTHWORM 


0 VINTRAL NERVE CORD 



GRASSHOPPER 



VERTEBRATE NERVOUS SYSTEMS 

DISTINGUISHED BY NERVE CORDS ENCLOSED IN A DORSAL 
VERTEBRAL COLUMN 





CEREBEUUIM CAT 




Fig. 396 .--M«clMnisfnf for irrStability and rcsponso in organisms. (C) earobrum; (CB) 
carabtilum; (G) fangilon; (M) madulla; (Olf) olfactory loba; (Opt L.) optic loba/ (Vant 
N. C.) vantriI aaiva coidr 
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leaves to the light (Fig. 396). This is not always a slow turning of plants 
to light over a period of days. Figure 397 shows young sunflower plants 
that remained in a window for 1 day. At 10 o’clock on the second day, the 
pot was turned around so that the bent seedlings faced toward the inside 
of the room. In 1 hour they had changed their position and were already 
turning toward the light. 

It has been shown that plants vary in the amount of light necessary 
for development and flowering. Thus, there are long- and short-day plants. 
By this is meant that some plants, such as Gaillardia (Fig. 3981) require 
a relatively long day to become mature and flower. As the figure shows, a 
plant, given 10 hours of light a day, does not develop nearly so well as a 
plant that has 16 hours of light a day. On the other hand, the mauve daisy 
(Fig. 398II) is a short-day plant. It does not require so much light for 
proper development, and if it is given more light than it needs for matur- 



Fi3. 397.—The response of plants to lisht, phototropism. Vouns sunflower plants set 


in window turned to the light. The pot was then turned around and in about an hour the 


plants had changed their position, turning toward the bright light 


ing and flowering, it may be stimulated to develop stem and leaf to such 
an extent that it will be prevented from flowering. 

6. Animals .—Studies by Bissonnette, Benoft, Rowan, and many 
others indicate that the breeding or mating times of many animals, birds, 
mammals, and fish particularly, are also brought into relation to the sea¬ 
sons adapted to survival of the species by changing length of day and 
intensity of light. Spring breeders, like starlings, ducks, juncos, crows, 
pheasants, quail, grouse, ferrets, and raccoons may be induced to breed 
earlier by artificial increases in daily light time or even to breed in autumn 
if their days are increased in length to resemble those of spring and sum¬ 
mer. Autumn breeders, like deer, sheep, and brook trout, mate when days 
are becoming shorter and produce their young in the spring or at some 
other time advantageous to the species. They may be made to mate in 
spring if hours of daylight are artificially shortened at that time. Other 
animals, like guinea pigs, rats, and man show little or no influence of 
length of day in this respect. Others, like field mice and hedgehogs, are 
affected similarly by other factors, food or temperature, instead of by 
light, or in addition to it. Many animals may therefore be said to have 
adapted themselves so that their times of mating are controlled or put 
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into action by such changes in their environment as in length of day, in 
temperature, or in food. Their young ones, therefore, tend to be brought 
forth at seasons which permit their siu-vival and that of the race. 



Fis. 398.—Long- and short-day plants. (I) Gaillardia, a long-day plant) it will not flowei 
unless it has a certain number of hours of light (A) Plant that has had 10 hours of artificial 
light daily. (B) Plant that has had 16 hours of artificial light daily. (II) Mauve cotton aster, 
a short-day plant; it will flower with a relatively small number of hours of artificial light daily. 
(A)'Plant that has had 10 hours of artificial light daily; (B) Plant that has had 16 hours of 
artiBciai light daily. In this case, much light stimulated leaf and stem development but pre¬ 
vented flowering. 

2. Gravity. —The response of plants to gravity is well shown by 
experiment with two young bean plants. Both were growing in a normal 
position. To exclude the influence of the light, the experiment was per¬ 
formed in a darkroom. One plant is slightly bent, because it had turned 
to the light a little. This plant was left in the normal position and kept as 
a control; the other was placed in a horizontal position. In about three 
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hours, the plant placed horizontally had altered its position so that the 
bud was almost in the normal position. Since this bending was ‘‘away 
from gravity,” it represents an example of negative geotropism (Fig. 26). 
If a young corn, pea, or other seedling, growing normally, is turned upside 
down, the root will turn downward, and the stem will turn upward, as 
shown in Fig. 65. 

3. Water. —Roots appear to seek water (hydrotropism), though 
some are apparently more sensitive to the water stimulus than others. If 
a few seeds are placed in the bottom of a wire basket and covered with 



FI 9 . 399.—^The '*sensitiv€*' plant. Mimosa pudica. (A) Before being touched. (B) After 
being touched. (Dr. E. H. Runyon.) 

damp moss, the roots will grow out and try to respond to two forces, 
gravity and water. 

4. Contact. —Plants that twine around a support respond to contact 
(rheotropism) by growing faster on one side than on the other. If a 
morning-glory is carefully untwined from its support, it will be impossible 
to straighten out the stem, since the inside of the “curl” is shorter than 
the outside. 

5. Chemicals. —^Most organisms will respond to various types of 
chemicals (chemotropism). A simple experiment is to place a drop of 
3^0 per cent acetic acid at the edge of a drop of culture containing Para- 
mecia. The Parameda tend to gather in regions of low acidity. It is 
interesting to note that the bacteria upon which Parameda feed are likely 
to live in a medium that is slightly acid. 
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C. Nervous Systems and How They Operate. 1. Receptors, 
Effectors, etc. — receptor is naturally something that receives. In a 
biological sense, it is a structure fitted to receive stimuli. A conductor is 
something that passes on the stimuli received by the receptor. An effector 
is a structure that responds to a 
stimulus or, in other words, makes the 
stimulus effective; and an adjustor is 
something that makes possible the 
adjustment of the organism to its 
surroundings. Adjustment to the 
environment is taken care of in the 
higher animals by the central nervous 
system. This serves as a coordinating 
center y by means of which animals are 
adjusted to various kinds of stimuli 
and to their intensity, i.e,, to small or 
large amounts of the stimuli. 

Plants do not possess an elaborate 
system for receiving and responding to 
stimuli, yet one may touch a sensitive 
plant at one point and it will fold 
most of its leaves (Fig. 399). In the 
lower animals, such as the Protozoa, a 
single mass of protoplasm may serve 
as receptor, conductor, and effector. 

When Amoeba receives the stimulus of 
bright sunlight, this stimulus is carried 
to all parts of the cell by the proto¬ 
plasm; then Amoeba moves away from 
the bright sunshine to a light of lesser 
intensity that is more favorable for its 
life activities. The nervous system of 
Hydra is in the form of a net (Fig. 

S96C). In this animal, one part of the F'S- 400.— Diasram of a motor neuron, 
cell contains the nerve, and another Wolcott, Animal Biology.) 

part of the cell contains contractile fibrils, which serve as an effector 
by contracting when stimulated. The earthworm, crayfish, and 
grasshopper all possess well-developed nervous systems (Fig. 396Z), 

F). In each, a bilobed mass serves as a sort of brain; connectives 
pass from this to the ventral nerve cord, and branches from the nerve 
cord penetrate to all parts of the body. This machinery serves for the 
carrying out of reflex actions, which will be described a little later. 
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2, Nervous Tissue and the Neuron. —Nervous tissue is made up of 
nerve cells and a supporting tissue called neuroglia. This tissue has its 
origin in the ectoderm and is different from other connective tissue that is 
derived from the mesoderm. It is made up of cells and fibers. 

The unit of the nervous system is the neuron (Gr. neuron^ nerve), 
which consists of a cell body and its processes (Fig. 400). The cell body has 
a nucleus, a nucleolus, and cytoplasm. In the cytoplasm are small 
granules and fibrils. From the nerve cells extend two kinds of processes, 
the dendrites (Gr. dendrouy a tree) and axons (Gr. axoriy axis). There may 



Fis. 401.—^Three types of neurons. See also Fig. 400. (Adapted from various sources by 

B. F. Edwards.) 

be one long dendrite, but there are usually many of these, which branch 
profusely. There is only one axon for each cell, though there may be 
several collateral branches. They may be long or short (Fig. 401), an 
example of a long axon being an axon from the spinal cord to the foot. 
When a nerve impulse passes from one neuron to another, it passes by 
way of the axon of the first across to the dendrites or cell body of the 
second. Sometimes the axon is surrounded by a sheath made up of a fatty 
substance, the medullary (L» medvUa, marrow) sheath. Nerves with and 
without this sheath are spoken of as medullated or nonmedullated. If one 
includes the dendrites, some of the nerve cells are the longest cells in the 
body. 
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3. The Central, or Cerebrospinal, Nervous System. —This sys¬ 
tem is made up of the brain and the spinal cord (Fig. 402). The peripheral 



Fig. 40S.—Diagram illustrating the brain, 
spinal cord, and spinal nerves of man. (From 
Kimber, Gray, and Stacicpole, Textbook ol 
Anatomy and Physiology, The Macmillan 
Company.) 

m 



Fig. 403.—Chick embryo 
showing early development. 
(Ov) Optic vesicle, a lateral 
extension of the forebrain; 
(MB) midbrain/ (HB) hind¬ 
brain; (NF) neural fold; (A) 
aorta; (PS) primitive streak; (S4) 
fourth somite; (FG) foregut. 
(From Wieman, An Introduction 
to Vertebrate Embryology.) 


system, made up of cranial spinal and autonomic nerves, is considered as 
a separate system only because it is convenient to study it in that way. 
It is closely associated with the central nervous system, and the two 
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together constitute the coordinating mechanism of the animal body, both 
acting together, though with somewhat different functions. 

a. The Brain .—Shortly after the anterior portion of the neural tube 
begins development of the brain in the embryo, three regions are noted: 
the forebrain^ midbrain, and hindbrain (Fig. 403). These differentiate into 
the five regions shown in the diagram below. The forebrain develops 
two lobes: from the anterior of these, the cerebrum develops; from the 
posterior lobe, the “tween brain“ is formed. The midbrain remains 
undivided, but from it develop the corpora quadrigemina, tegementum, 
and the crura cerebri. From the anterior lobe of the hindbrain are devel¬ 
oped the cerebellum and the pons, and from the posterior lobe the 
medulla oblongata develops. The posterior part of the neural tube 
becomes the spinal cord. 

forebrain midbrain hindbrain 

(prosencephalon) (mesencephalon) (rhombencephalon) 

/ \ undivided / \ 

telencephalon diencephalon | met encephalon myelencephalon 

I I corpora quadrigemina | | 

cerebrum “tweenbrain” tegementum cerebellum medulla oblongata 

crura cerebri 1 

pons 

Figure 404 shows a series of brains from different types of vertebrates, 
arranged in order from fish to man. In the anterior portion are the 
olfactory lobes, concerned with a sense of smell. 


Olfactory 

CCRCBRAL 


RINCAL 
OPTIC 

CEREBELLUM 
MEDULLA_ 

SPINAL 

PERCH 
FISH 

Fis. 404.—Comparison of five typos of veitoMke brains. (Drawn from a series of models 

by B. F. EMIrds.) 

(1) The cebhbrum. —Except where noted, the following description 
is mainly of the hiunan nervous system. The cerebrum in fish is poorly 
developed; it is somewhat larger in the amphibians, becomes more promi¬ 
nent in reptiles, birds, and mammals, but reaches a dominant place in 
man. Even in apes, the cerebrum is small in comparison with that in man. 
A human brain, four-fifths of which is the cerebrum, may weigh 1,350 g., 
whereas that of an adult gorilla weighs only about 430 g. In some animals, 





COORDINATION 


605 


the surface of the cerebrum is smooth; in others, quite wrinkled, or 
convoluted, thus greatly increasing the surface. If a groove is small, it is 
a sulcus; if deep, it is a fissure. In i^n, a layer of gray matter about 
% in. thick covers the cerebrum. This |fe.y matter contains great numbers 
of cells and is the cerebral cortex. Beneath this lies the white matter in the 



Fig. 405.—^The areas of the brain. (From Shull, Animal Biology.) 


interior. The white matter consists of countless numbers of nerve fibers.. 
The dorsal and lateral walls of the cerebrum are called pallium or mantle, 
A longitudidal fissure divides the cerebrum into two hemispheres, and 
in the higher animals, including man, these are joined by a bridge, the 
corpus callosum. Each hemisphere is divided into 5 lobes. Th^ frontal and 
parietal lobes are separated by the fissure of Rolando; the temporal is 
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divided from the other two by the lateral fissure of Sylvius; the occipital 
is indistinctly separated from the parietal and temporal lobes by the 
posterior parieto-occipital fissure; the insula (island of Reil) is not seen 
from the surface of the hemispllll*e, being within the fissure of Sylvius 
and overlaid by the convolutions of the parietal and frontal lobes. 

(а) Brain Tracts.—^There are various connections among the parts 

of the brain. In the cortex are many nerve cells, and from these fibers pass 
to other parts of the brain and spinal cord. The fibers may be grouped 
in three main systems: (1) association tracts, with the function of associa¬ 
tion of memories, purposes, and acts; (2) the commissural tracts, which run 
in the corpus callosum between the two hemispheres and harmonize the 
actions of the two halves of the brain; (3) the projection tracts, whose 
fibers run from the cortex to the parts below, such as the cerebellum, the 
cord, etc. There are many important projection tracts, an^ the function 
of all the tracts has not been made out. ^ 

(б) Areas.—The brain has definite areas, in which are located special 
functions. The various tracts of the brain are connected with the cortex, 
which initiates or receives the impulses conducted over the separate 
tracts. By experiment, it has been sl^wn that certain activities are 
controlled by certain regions of the brain. Figure 405 shows some of these 
regions. Recently experiments have demonstrated that these areas are not 
absolutely fixed. If certain of them are destroyed, another part of the 
cerebrum may, after a time, take over the function. Apparent exceptions 
are the auditory and visual centers. 

(c) Functions of the Cerebrum.—^The high development of the 
cerebrum is responsible for the dominance of man over the lower animals. 
The functions of the cerebrum may be summarized as follows: 

1. It is the seat of intelligence and reasoning powers. 

2. It is the seat of consciousness and of memory. 

3. It interprets sensations. 

4. Voluntary acts originate here. 

5. It controls certain reflexes. 

6. It is a reflex center. 

(2) ‘‘Tween brain,” or dibncephalon. —The “tween brain” is 
comparatively inconspicuous. It is important, however, because of the 
pituitary gland, a part of which, the infundibulum, is an outgrowth of its 
ventral floor. The infundibulum meets and fuses with an ectodermal out¬ 
growth from the mouth region, the hypophysis. The two form the 
pituitary gland (Fig. 406). This gland is connected with the brain by a 
small stalk and lies in a depression of the sphenoid bone, the Turkish 
saddle or sella turcica. 

From the lateral walls of the tween brain” grow the optic stalks 
essential for the development of the eyes, and from the dorsal surface, the 
pineal gland develops. The function of the pineal is problematical. 
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(3) The midbbain, or mesencephalon. —This is a small region that 
forms a connecting isthmus between the other two divisions. On its 
ventral surface is the crura cerebri^ a band of fibers providing communi¬ 
cation between the cerebrum and the posterior parts of the nervous system. 

In the lower forms, such as fish and Amphibia, the roof of the midbrain 
is expanded into the optic lobes (or corpora bigemina). In snakes 
and mammals, these become further divided into four centers, the corpora 
quadrigemina. The anterior pair of these sends fibers to the eyes; the 
posterior pair sends fibers to the ears. 

(4) The cebebellu:'.i (L. dim. of cerebrum, brain; pons bridge).— 
This is formed from the dorsal part of the metencephalon, and the pons is 
formed from the ventral part. It has two lobes, which are connected b^ 



MEDULLA 

Fig. 406.—Diagram of half of a median section of a human brain. (L. Runyon.) 

the central vermis,^ The surface of the cerebellum is thrown into folds 
almost parallel to each other, thereby increasing the surface or cerebellar 
cortex. Like the cerebrum, there is a layer of gray matter forming this 
cortex. The cerebellum seems to have very little to do with consciousness, 
but certain evidence indicates that it controls the contractions of the body 
that regulate muscle tone, postme, and functions in the coordination of 
movements. It is highly developed in such forms as fish and birds. Birds 
exhibit excellent coordination. They can change their positions very 
abruptly yet maintain perfect equilibrium. This is shown by the f^ct that 
they can fly among the branches of a tree yet never strike even a twig! 
If the cerebellum of a bird is injured, this fine coordination is lost. The 
cerebellum is an important reflex center. The human cerebellum lies 
behind the cerebrum and is partially covered by it. 

The cerebellum is attached to the rest of the nervous system by three 
pairs of cables or bundles of fibers called peduncles. They are the superior, 

^ Only the venab (worm) correaponda to the cerebellum of the lower vertebrates. 
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connecting the cerebellum and the cerebrum; the middle, the transverse 
fibers mentioned below, connecting the cerebellum to the pons; and, 
finally, the inferior, connecting the cerebellum with the medulla, semi¬ 
circular canals of the inner ear, and spinal cord. These connections are 
quite complicated. 

(5) The pons varolii. —This structure develops from the ventral 
surface of the metenecephalon. It contains many transverse fibers, which 
appear to partly surround and clasp the brain stem. In addition, there 


longitudinal fissure 



Fi 3 . 407.—-Brain of man, ventral surface. Cranial nerves are indicated by numbers 1 to 12. 

For names of the cranial nerves, see Appendix, pase 872. (F. A. Baker.) 

are many ascending and descending fibers. Some of the cranial nerves 
arise from the pons (Figs. 406 and 407). 

(6) The medulla oblongata. —This connects the brain with the 
spinal cord. In it are the centers that govern many vital activities, such as 
those of respiration, circulation, etc. If the cerebrum is lost, reason and 
memory are gone, but an animal may live; if the cerebellum is destroyed, 
all muscular control is lost; but if the medulla is destroyed, death comes 
at once, because breathing stops. Fibers in the medulla conduct stimuli 
to and from the higher parts of the brain. It is also a reflex center. The 
cavity of the medulla is the fourth ventricle. 
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(7) Cavities. —^These are the ventricles of the brain and the canal of 
the spinal cord. In the vertebrate embryo, the central nervous system 
begins its development as a groove on the dorsal surface. The edges on 
each side of the groove roll up, meet, and fuse, forming the hollow neural 
tube (Fig. 403iVF). Though much reduced, this hollow or canal persists 
through life as the central canal in the spinal cord. In the brain region, 
however, the canal is transformed into a series of irregular chambers, the 
four ventricles, which communicate with each other and with the canal 
of the spinal cord (Pig. 173C). There is one in each hemisphere, the first 
and second lateral ventricles; the third is at the base of the cerebrum in 
the “tween brain,’’ and the fourth is in the medulla oblongata. In the 
midbrain is a lumen or canaP that connects anteriorly with the third 
ventricle and posteriorly with the fourth ventricle.^ As pointed out, there 
is a space between the arachnoid membrane and the pia mater, the sub¬ 
arachnoid space. This is in communication with the fourth ventricle by 
three openings on the roof of the ventricle. From this it will be seen that 
the cerebrospinal fluid in the subarachnoid space is continuous with that 
in the ventricles and the canal of the spinal cord. 

(8) Flexures. —In the frog, the brain has no bendings or flexures, and 
its axis is continuous with the spinal cord. As the brain becomes more 
complex, flexures appear. In man, there are three flexures. The most 
anterior of these is the cephalic flexure of the midbrain; the second, the 
pontine flexure in the metencephalon; and the posterior one is where the 
spinal cord joins the myelencephalon, the cenyical flexure* These are more 
clearly shown in the developing brain. 

h. The Spinal Cord, (1) Features. —The spinal cord is joined to 
the medulla oblongata. It is made up of white and gray matter, the gray 
matter being on the inside in the form of the letter H (Fig. 408 jB). The 
spinal cord is the great highway for the transmission of impulses and is a 
great reflex center. The sensory, or afferent, fibers of the spinal nerves 
enter the dorsal side of the spinal cord, whereas the motor, or efferent, 
fibers of the spinal nerves emerge from the ventral side. Inside the cord 
are association fibers that transmit stimuli from one point to another 
in the brain. It is interesting to note that some of the nerve fibers cross 
over to the opposite side before they reach the cerebrum, so that the left 
side of the cerebrum receives sensory stimuli from neurons from the 
right side of the cord and the right side of the cerebrum receives stimuli 
coming from the neurons from the left side of the cord. The left side will 
transmit motor stimuli to the right side of the body, and the right side 
will transmit motor stimuli to the left side of the body. 

^ Aqueduct of Sylvius or iter. 

* The fourth ventricle is connected posteriorly with the canal of the spinal 
cord, 
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The human spinal cord is about 18 in. long and about % in. in diam¬ 
eter. In it are two deep grooves, dorsal and ventral. These grooves run 
the entire length of the cord. The cord has two enlargements, one in the 
cervical and one at the lumbar region at the levels with the arms and legs. 
These are associated with the increased nerve supply of paired append¬ 
ages. From the spinal cord arise 31 pairs of spinal nerves (Fig. 402). 

(2) Functions of the Spinal Cord. —^The spinal cord performs two 
of the same functions as the medulla: (1) it conducts impulses to and from 
the brain, and (2) it acts as a reflex center. It may be called an important 
highway, since all the nerve impulses that come in by way of the spinal 
nerves pass through the cord and travel to the brain, to glands, and to 
muscles. If the spinal cord is cut across, all the parts of the body supplied 
by nerves below the cut are paralyzed, because there are then no path¬ 
ways by which impulses may travel to and from the brain.- 

c. The Membranes, —In addition to the protection provided by the 
skull and the spinal column, the brain and spinal cord are further pro¬ 
tected by three membranes, or meninges^ and the cerebrospinal fluid. 
Inside the skull is a tough membrane, the dura mater. In the skull, 
this membrane also performs the function of the periosteum for the 
inside skull bones, but in the spinal column, the vertebrae have a peri¬ 
osteum of their own, and the dura mater forms a loose sheath attached 
only here and there to the spinal column. Next to the brain and closely 
following its folds is a more delicate membrane, the pia mater. This con¬ 
tains many blood vessels, which break up into small branches before 
entering the nervous tissue proper. Just below the dura mater is a third 
membrane, the delicate arachnoid membrane; between the arachnoid 
and the pia mater is the subarachnoid space, which is filled with cere¬ 
brospinal fluid. Inflammation of the brain membranes is called meningitis, 

d. The Cerebrospinal Fluid. —This fluid, which surrounds the nervous 
tissue, in addition to the functions of bringing food to the nerve cells and 
taking away wastes, acts as a cushion and shock absorber. It is separated 
from the blood of the choroid plexuses of the third and fourth ventricles 
of the brain and differs chemically from the other tissue fluids. In man, 
about 200 cc., or nearly pt., is separated out daily. It passes from 
the ventricles into the subarachnoid space through the openings in the 
fourth ventricle and is reabsorbed in the blood. If the openings are closed 
through disease, the fluid accumulates and causes a condition known as 
hydrocephalus (Gr. hydor^ water; cephale^ head). 

4. The Peripheral System. —The peripheral nervous system con¬ 
sists of 43 pairs of nerve trunks, 12 pairs arising from the brain, the 
cranial nerves, and 31 pairs from the spinal cord, the spinal nerves. 

The autonomic system (see below) is essentially a part of the periph¬ 
eral system. Since the autonomic system is adapted for certain func¬ 
tions, however, it is usually considered separately. 
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The peripheral nervous system is made up of nerves that form the 
connecting link between the central nervous system and the various 
organs and tissues of the animal body. Over these nerves, nervous im¬ 
pulses are conducted to and fro, the individual nerve fiber being a one¬ 
way track,” or conducting an impulse in one direction only. 

a. The Cranial Nerves .^—In the frog and most of the other lower 
vertebrates, there are 10 pairs of cranial nerves, which have their origin 
in the brain; in man and most other mammals, there are 12 pairs. Three 
pairs of cranial nerves, the first, second, and eighth, are concerned with 
the special senses of sight, smell, and hearing. The fibers of the optic 
nerves cross to form the optic chiasma on the ventral surface of the dien¬ 
cephalon. The optic nerves transfer impulses that are interpreted by the 
brain as sight. These three pairs of nerves, as well as some others of the 
cranial nerves (page 872), conduct impulses in one direction only. A few 
of the cranial nerves arc mixed; i.e., they conduct both sensory and motor 
stimuli. The most important of these is the tenth, or vagus, which has 
both sensory and motor fibers and which supplies many organs of the 
animal body (page 872). 

b. The Spinal Nerves ,—^There is a wide variation in the number of 
spinal nerves in vertebrates; as they issue from between the vertebrae, 
they are named accordingly. In the frog there are 10 pairs and in man, 
31 (Fig. 402). Named according to location they are: cervical, 8; thoracic, 
12; lumbar, 5; sacral, 5; coccygeal, 1. The spinal nerves are segmentally 
arranged; i.e., the pairs are given off from the spinal cord at regular inter¬ 
vals. It is suggested by some authors that the segmental arrangement of 
the spinal nerves is correlated with the primitive segmented vertebrate 
body; that the cranial nerves, originally so arranged, have departed from 
the primitive arrangement because of the increased cephalization and 
specialization. 

Each spinal nerve is a mixed nerve; i.e., it has two roots, a dorsal root, 
arising outside of the cord in a spinal ganglion and a ventral root, arising 
in the ventral horn of the gray matter of the cord (Fig. 408). 

The dorsal root contains only sensory neurons, conveying messages 
to the central nervous system; the ventral root contains motor or effector 
neurons conveying messages from the central nervous system to the 
muscles and glands. These two roots join shortly after leaving the cord to 
form the trunk of the spinal nerve. It is, therefore, a mixed nerve; i.e., 
it has fibers that are both sensory and motor. A short distance from 
where the motor and sensory nerves join to form the trunk, four branches 
are given off; (1) a dorsal branch; (2) a ventral branch, larger than the 
dorsal; (3) a small branch to the membranes, the meningeal, and (4) the 
autonomic branch connecting with the autonomic ganglia (Fig. 410). 

^ For the names of the cranial nerves, their origin, distribution, and function, see 
appendix, p. 872. 
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c. The Autonomic Nervous System, —^This system, sometimes called 
the vegetative or visceral nervous system^ is a special division of the peripheral 
nervous system. 

(1) The ganglia and their connections. —^The autonomic nervous 
system is entirely involuntary and is concerned with the activities of the 
visceral structures, the intestine, heart, blood vessels, bladder, and 
reproductive organs. Most of the internal organs receive a double set of 
nerves from the autonomic system, one set stimulating and the other set 
inhibiting activity. The connection between the central nervous system 
and the organ innervated by the autonomic system is not direct but is 
through ganglia, which serve as relay stations. 

WHITE MATTER 



Fig. 408.—Diasram of a cross section of a human spinal cord, showins a simple reflex arc. 

See also Fig. 175. (B. Shamos.) 

According to their location, the ganglia of the autonomic system may 
be placed in three groups: the cranial, thoracicolurnbar, and sacral. The 
cranial and sacral ganglia together make up the parasympathetic system, 
whereas those of the thoracicolumbar region form the sympathetic (Fig. 
409). The ganglia of the three divisions make connections with the brain 
and spinal cord, on one hand, and with the parts to be supplied, on the 
other. The fibers that go from the central nervous system to the sympa¬ 
thetic system are myelenated and are called the preganglionic fibers; 
those that go from the sympathetic system to the organ to be innervated 
are not myelenated and are called the postganglionic fibers (Fig. 410). 

(2) The sympathetic or thoracicolumbar system consists of a 
double chain of ganglia, one on each side of the vertebral column (Fig. 
409). These ganglia are connected with each other by nerve fibers and 
with the spinal nerves by branches, the rami communicantes. In the 
thoracicolumbar region, there are two of these for each ganglion, a while 
ramus, made up of preganglionic fibers, going from the spinal nerve to 
the sympathetic ganglion, and a gray ramus, made up of postgan¬ 
glionic fibers, going from the sympathetic ganglion to the spinal nerve 
(Fig. 410). 
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decreases the secretions of glands; the craniosacral increases the contrac¬ 
tions of the gastrointestinal tract and relaxes sphincters; the thoracico- 
lumbar lessens the contractions of the gastrointestinal tract and contracts 
sphincters, so on through a long list of activities. 

(4) Functions of the autonomic system. —In summary, it may be 
said that the autonomic system is a division of the peripheral nervous 
system; that it has both afferent and efferent fibers, and that it is without 



Fis. 410.—Diagram showing relation of spinal nerve to cord and sympathetic nervous 
system. (CG) Chain ganglion of sympathetic system; (RD) dorsal ramus of spinal nerve; (G) 
spinal ganglion, containing cell bodies of sensory neurons; (GM) gray matter of cord; (MR) 
motor spinal root, whose cell bodies lie in the ventral horn of gray matter of cord; (PeG) Pe¬ 
ripheral sympathetic ganglion; (PrG) prevertebral sympathetic ganglion; (SR) sensory spinal 
root; (WR) white ramus of spinal nerve; (RV) ventral ramus of spinal nerve; (WM) white 
matter of cord. (From Wieman, General Zoology.) 

any voluntary or conscious control. It is concerned with such vital activi¬ 
ties as heartbeat, respiratory movements, movements of the bladder, 
intestines, stomach. The sympathetic or thoracicolumbar division of the 
autonomic system and the parasympathetic or craniosacral division are, 
in general, antagonistic in their action. Most of the internal organs 
receive a double set of nerves, one from each of the two divisions men¬ 
tioned above, one set being excitatory and one set being inhibitory. 

5. Reflexes. —The manner in which the autonomic system operates 
has been described. The manner in which reflexes mediated through the 
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central nervous system operate depends, naturally, upon the way that 
nerves are connected with each other and with the central nervous 
system. 

a. Reflex Arc .—Primitive nervous systems like that of Hydra do not 
include a central nerve cord but are simply nets of connected fibers 
(Fig. 396C). Reflexes in these lower animals are the result of interactions 
between the nerves, muscle fibrils, and the protoplasm. In the higher 
animals, the reflex arc, in its simplest form, includes a sensory neuron for 
receiving the stimulus and a motor neuron, which carries the impulse to the 
effector; the effector is often a muscle (Fig. 408). The connection between 
the sensory and the motor neurons is in the spinal cord. The brush- 



Fig. 411.—Unconditioned reflex. The secretion of saliva in response to acid (lemon 
juice) applied to the mouth is an unconditioned reflex, not involving the cerebrum. (Redrawn 
by B. Shamos from Crandall, An Introduction to Human Physiology, W. B. Saunders Com¬ 
pany. After Dr. A. C. Ivey.) 

like ending of the axon of one of these neurons comes near the dendrites 
of the other, forming a connection or synapse (Gr. synapsis^ conjunction, 
union). Or there may be another neuron between the sensory and motor 
neurons, an association neuron (Fig. 408). The synapse is not a hard-and- 
fast connection such as occurs in the nerve net. The processes of the two 
neurons touch each other without being actually joined. Synapses are 
important because they govern the direction of the impulses. For example, 
if a nerve is struck at any particular point, impulses will travel away 
from this point in both directions. The impulse that travels in the direc¬ 
tion normal for that nerve will pass through the synapse of the sensory 
to the motor nerve and reach the muscle, but the impulse that travels 
in the opposite direction cannot pass the synapse. Because of this charac¬ 
teristic of the synapses, the nervous mechanism is orderly in all its 
workings. 

It is doubtful if the reflex arc is ever as simple as that just described. 
Figure 408 shows a diagram of a simple reflex action. Reflex movements 
mr.»y be c^^mplex and may well include movements of the whole body. 
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For example, a small insect passing the face might cause the winking of 
an eye, but a larger object, as a bat, would cause the movement of the 
whole body. The nervous system is furnished with a rich supply of con¬ 
necting, or association, neurons; hence adjustment to changes in the 
environment is possible. 

Rate of impulses. —Experiments have shown that an ordinary motor 
nerve of a mammal transmits impulses at the rate of about 120 m. per 
second. 




Rg. 412.—(A) Development of the conditioned reflex. The association of the sound 
of the song with the application of lemon juice opens up a new pathway involving the cere* 
brum. (B) Conditioned reflex. After gong and acid reflex have been repeated together 
50 times, the salivary gland is conditioned or taught to secrete when only the gong is sounded. 
The new pathways that have been opened up are adequate to produce a secretion of saliva 
when the gong is sounded. (Redrawn by B. Shamos from Crandall, An Introduction to Human 
Physiology, W. B. Saunders Company. After Dr. A. C. Ivey.) 

b. Conditioned and Unconditioned Reflexes: —Two types of reflexes are 
recognized: (1) those just described (Figs. 408 and 41 Ij, or uncondi¬ 
tioned reflexes^ and (2) conditioned reflexes (Fig. 412). A conditioned 
reflex is an act repeated until it becomes a habit. One worker who has 
Contributed greatly to our knowledge of conditioned reflexes was Pavlov, 
the great Russian physiologist. He performed many experiments with 
do^s. One wajS to offer food and at the same time to ring a bell* Food 
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stimulates the flow of saliva. After a time, the salivary juice of the dog 
would flow when the bell was rung without the presentation of the 
food. 

It is believed that many adjustments made by animals are due to 
simple external stimuli such as light; for example, the moth flies toward a 
flame because of stimulation due to light waves. The robber fly normally 
flies toward a light in a straight line but will fly in a spiral path if one 
eye is blackened. In this case, the light stimulus acts on only one side. 
Many complications are encountered in explaining animal tropisms, and 
authorities are not in agreement as to the details of many of the responses 
observed. It is difficult to draw a sharp line between tropisms, reflexes, 
and instincts. 

6. Habit Formation. —The formation of a habit is dependent upon 
learning. An animal may learn by the “trial-and-error” method and 
thus modify its behavior by experience. Jennings' famous experiment 
with raramecia illustrates this very well. As Fig. 194 illustrates, when 
Paramediim strikes an obstacle, it backs aw^ay. Then it swims forward 
again, but after several “trials,” it will find its way around a small 
obstacle. The “error” is that it could not find its way around the obstacle 
the first time. Higher animals learn rapidly. For example, a rat will learn 
to go through a maze after a few trials, and a monkey will soon learn to 
open a door. A higher type of learning is that characteristic of man and, 
to a lesser extent, of apes, namely, working with ideas rather than with 
objects. 

7. Instincts. —A bird will build its first nest according to a definite 
pattern, and the spider will spin its web the way its forbears did, though 
the bird has never seen a nest built, nor has the spider seen a web spun. 
Ducks will “take to water” even though their eggs are hatched under a 
hen. This type of behavior is called instinctive. Instincts are more com¬ 
plicated than tropisms, yet there are situations in which it is diflScult to 
distinguish between tropisms and instinctive behavior. It is a question 
whether a fly lays her eggs in a dead frog's open mouth because there is a 
chemical attraction to the dead meat or whether this is an instinctive 
action to provide the young larvae with food. In any case, it is convenient 
at present to refer to many activities of both higher and lower animals as 
instinctive. 

8. Sleep. —^In all living things, periods of activily alternate with 
periods of rest. For example, the position of Oxalis^ the coffee plant, and 
other plants changes when it becomes dark. It is not known whether 
periods of rest correspond to sleep in animals or not. 

In the human body, certain tissues—for example, the gland cells— 
undergo periods of activity followed by periods of rest. During sleep, 
the brain and other tissues rest; it is a time of recuperation. Shakespeare 
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speaks of '‘sleep that knits the raveled sleeve of care.’’ Many theories 
have been expressed regarding the cause of sleep. ^ 

Physiological Changes during Sleep, —Respiration is deeper and slower 
during sleep; secretions appear to be diminished; all metabolic activities 
are slowed up, and the power to perform conscious movements is lost. 
It is interesting to note that the sense of hearing is the last to be lost 
when one goes to sleep and the first to be regained upon waking. 

Hypnotic Sleep, —This is a condition brought about by suggestion. 
It is not natural sleep. The blanched appearance of the skin under the 
influence of hypnotic sleep is due to the constriction of .blood vessels. 
In natural sleep, the condition of the blood vessels is the opposite of this; 
i,e .9 they dilate. Hypnosis is not well understood. 

9. Beiiaviou. —The sum total of the reactions of an organism to its 
environment is called its behavior. Behavior has been described in a 
general way in connection with tropisms and conditioned and uncondi¬ 
tioned reflexes. The types of behavior may be summarized under four 
general heads: (1) tropistic behavior, (2) reflex behavior, (3) instinctive 
behavior (chain-reflex behavior), and (4) habitual behavior. 

a. Tropistic Behavior, —These include familiar types of tropisms 
(page 596) such as turning to the light, etc. Tropisms explain behavior 
in plants and lower organisms, particularly the Protozoa (page 283). 

b. Reflex Behavior, —Reflex behavior is characteristic of animals with 
nervous systems. Even Hydra possesses a simple nervous system and 
exhibits reflexes. Examples of reflexes in man are the knee jerk, which 
follows striking the knee just below the kneecap, and expansion of the 
pupil of the eye in the dark or contraction of the pupil in strong light. 

c. Instinctive Behavior, —Instinctive behavior differs from a simple 
reflex in that it calls for the response of the animal as a whole and not 
in part. Instinctive behavior has never been satisfactorily explained. 

d. Habitual Behavior, —The three types of behavior mentioned above 
are inherited; habitual behavior is acquired and is often called a condi¬ 
tioned reflex (page 616). Habits grow by practice. They are brought into 
existence by education and by training. 

11. Chemical Regulators; Hormones 

A. Chemical Coordination.—In addition to the coordination of 
the animal body accomplished by nervous systems, there is another sort of 
coordination, which may be termed chemical coordination. This is quite 
as important as nervous coordination and is concerned with the processes 
of the body that take place slowly. The substances responsible for 
chemical coordination are hormones (page 26S), which are manufactured 
by the ductless glands and certain specialized cells. They share with the 
^See Howell, “Textbook of Physiology,” pp. Z68-278 (193S). 
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nervous system the functions of coordination in complex organisms. They 
are even present in the higher plants. 

B. Plant Hormones.—That plants produce hormones that are 
responsible for certain of the plant activities is a comparatively recent 
discovery. It has been found that when gravity stimulates the tip of roots, 
a growth-regulating hormone is produced. This diffuses back to the regioi^ 
of response, causing unequal growth, which, in turn, causes curvature, 
or bending toward the earth. If the root tip is cut off and placed on sterile 
gelatin, the hormone will diflFuse into the gelatin. If now this small block 
of gelatin is placed on the stump from which the tip has been cut, the 
hormone will diffuse back and cause bending toward the earth, or response 
to gravity. Gelatin blocks on which no root tips have been placed produce 
no effect when placed on the stump from which the root tip has been 
removed. 

Various plant hormones have been isolated; in addition, it has been 
found that many organic compounds are growth-stimulating substances. 
Some of these have been placed on the market under various trade names, 
such as Hormodin, Auxin, Root Tone, etc., and are widely used in rooting 
cuttings. Vitamin B is also used to stimulate growth in plants. 

C. Animal Hormones in General.—Internal secretions, or hormones, 
are numerous and important in animals. They are produced by certain 
specialized cells or by ductless glands and distributed by the blood 
stream in the higher animals. Little is known of their presence in the 
lower animals such as Protozoa, coelenteratcs, etc. 

By experiment, it has been found that whereas each secretion has its 
own specific function, they also affect each other; i.e., they form an 
“interlocking directorate.” In general, the internal secretions are responsi¬ 
ble, in part, at least, for metamorphosis in Amphibia, for the develop¬ 
ment of secondary sexual characters, for a considerable part of visceral 
control, for many phases of behavior, and, as shown by the following 
description of the endocrine system in man, many other activities of the 
animal body. 

D. Hormones in Man.—The secretions of the ductless glands are 
poured directly into the blood stream. The specialized cells and the glands 
extract certain substances from the blood and make them over into the 
internal secretions. The glands receive a rich blood supply. Only a small 
amount of the secretions is necessary for health. Indeed, an unbelievably 
small amount often makes the difference between a normal and an 
abnormal individual. 

1. Thyroid, a. Location and Functions ,—The thyroid (Gr. thyroides, 
shield-shaped) has been studied more thoroughly and is better understood 
regarding activity than any other gland. It has two lobes, one on either 
side of the trachea, or windpipe (Fig. 413). The secretion of the thyroid, 
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thyroxin, consists of 65 per cent iodine, which seems to be the active 
principle in the secretion. It helps to regulate (1) oxidation in the cells; 
(2) heat production; (S) growth; (4) mental development; and (5) it is 
concerned with sexual maturity. 

b. Hypothyroidism (Gr. hypo, less than normal; + thyroid).—If 
there is not enough secretion of the thyroid, many abnormalities, depend¬ 
ing upon the age of the individual, result. 



Fig. 413.—Dissrcm shewlns approxiiiMtc location* of the ducilcn (endocrine) sland* in man. 

(6. F. Edward*.) 

(1) Cbetins. —Children whose thyroids are deficient and who do not 
develop normally either mentally or physically are cretins. Their skins 
are coarse, their hair scanty, their tongues may protrude, and their bodies 
may be puffy (Fig. 414). Feeding children of this type with extract from 
the thyroid glands or the glands themselves brings about normal develop¬ 
ment; the individuals are completely made over and will remain normal 
as long as they continue taking the extract of thyroid glands. 
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Fis. 414.—(A) A cretin, a child that had too little secretion (thyroxin) from the thyroid 
gland. (B) Same child after proper treatment. (Courtesy of the Good Samaritan Clinic, Atlanta, 
Ga.) 



Fig. 415.*-^oller, an enlargement of the thyroid gland. (A) Girl with goiter. (B) Same girl 
after proper treatment. (Courtesy of the Good Samaritan Qinic, Atlanta, Ga.) 
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(2) Goiteb. —Goiter is an enlargement of the thyroid gland (Fig. 
415). If the body needs more thyroxin than is secreted by the thyroid, 
the gland may enlarge in an attempt to provide more secretion. Lack 
of thyroid secretion may be due to many causes, such as insufficient 
amount of iodine in the food or conditions that increase the need for the 
secretion. Two of these conditions are (1) low temperature and (2) the 
eating of much fat or protein food, thereby increasing the need for 
oxidation. Certain inland regions of the country are called goiter belts, 
because the lack of iodine in the food causes many people to be alllicted 
with enlarged thyroids (Fig. 415). Adding iodine to the food—for ex- 



Fis. 416.—Myxedema, thyroid deficiency of middle age. (A) Case of myxedema. (B) Same 
woman after proper treatment. (Courtesy of the Good Samaritan Clinic, Atlanta, Ga.). 

ample, to table salt—cuts the percentage of inhabitants of some sections 
who suffer from goiter from an average of 35 to less than 1 per cent, 

(3) Myxedema. —Sometimes in middle life there is a deficiency of the 
thyroid secretion. Although this cannot affect growth the patient be¬ 
comes sluggish, the skin puffy, usually there is a loss of hair (Fig. 416). 
The myxedema comes from the fact that the skin appears to have an 
abnormal quantity of water, i.e., edema. The administration of the 
thyroid gland or the extract, thyroxin, is effective in correcting this 
condition. 

c. Hyperthyroidism (Gr. hyper^ over; + thyroid).—^The thyroid may 
be over- as well as underactive. Too much thyroid secretion causes the 
metabolic rate to increase to such an extent that a loss in weight and 
an irritable disposition are likely to result. In some instances, a type 
of goiter develops known as exophlhalmio gaiter. Persons thus afficted are 
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“goggle-eyed”; i.e., their eyes protrude. The cause of this disease is not 
well understood. 

0 2. Parathyroids (Gr. para, along side of; + thyroid).—The para- 

thyroids are four small glands that are located, usually two in each lobe, 
in the thyroid gland. They are about the size of a grain of wheat, and the 
secretion from them is parathormone. They perform the important function 
of maintaining the normal level of calcium and phosphorus in the blood 
(see also vitamin D, page 527). Calcium is important in many physio¬ 
logical processes, such as the clotting of blood (page 567), maintaining 
muscle tone, and the health of the nerves. Calcium and phosphorus are 
both important in the formation of bones and teeth. 

If the parathyroid glands are removed from certain animals, death 
follows in a few days. If there is too little of the secretion, the muscles 
twitch involuntarily {tetany), and spasms and convulsions occur. Injec¬ 
tions of calcium bring about remarkable results; the convulsions cease 
within a minute, and the patient is restored to normal for a time. 

3. Pituitary (L. pituita, phlegm), a. Location and Origin .—The 
pituitary, about the size of a pea, is located in a small depression in the 
floor of the skull, the “Turkish saddle,” or sella turcica. A narrow stalk 
attaches it to the brain. It has been appropriately called the master 
gland, because it affects the other ductless glands. If it is injured or 
removed, the thyroid, the adrenals, and the sex glands are all affected. 

Erabryologically, the gland is derived from two sources, the anterior 
I)art being an outgrowth from the ectoderm of the buccal region (“Rath- 
ke’s pocket”) and the posterior part, a downward growth from the 
underside of the brain nearest the throat (the infundibulum). 

h. The Posterior Lobe and Its Secretions .—There are several parts to 
the pituitary gland, and each has a function of its own. The posterior 
lobe secretes two hormones, one of which affects blood pressure; the other 
is a powerful stimulant that brings about the contraction of certain 
muscles. 

c. The Anterior Lobe .—The anterior lobe secretes several hormones. 
The best known is the one that affects growth, 

(1) Giants and dwarfs. —Too much of the growth hormone results 
in the development of a giant (Fig. 417); too little, in the development 
of a pituitary dwarf. The giants seen in circuses are individuals with too 
much of the secretion of the growth hormone. Often tumors are present 
in the gland that cause an oversecretion of the hormone. The pituitary 
dwarfs are well proportioned and are not to be confused with cretins or 
with achondroplastic dwarfs (Fig. 417). Achondroplasia is the lack of 
normal formation of cartilage, a condition sometimes called fetal rickets, 
{2) Acromegaly. —Sometimes the excessive secretion from the 
pituitary gland does not begin until after the individual is grown. The 
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bones then enlarge, particularly the bones of the face, hands, and feet. 
This disease is known as acromegaly (Gr. akron, extremely; mega^ large). 

(3) Gonad-stimulation hormone. —If the tissue of the anterior 
pituitary is implanted in animals sexually immature, it will produce 
precocious sexual development. This condition is brought about by two 
hormones: one stimulates the growth of follicles in the ovaries of the 



Fig. 417.—^Two dwarfs and a giant. (A) Achondroplastic dwarf caused by a lack of carti¬ 
lage development, (fetal rickets) in the embryo. (B) Midget, or dwarf with too little pituitary 
secretion. (C) Giant with too much secretion from the pituitary. (Courtesy of Keystone View 
Company.) 

female, or the growth of seminiferous tubules in the testes of the males; 
the other stimulates the formation of corpus luteum in ovaries and the 
interstitial cells in the testes. In both males and females, there is a growth 
of the secondary sexual characters. 

(4) Prolactin. —This is the lactation hormone and is produced by 
the anterior pituitary. It stimulates the secretion of milk in the mammary 
gland. 
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(5) Fat metabolism. —Since 1930, evidence has accumulated that 
there is a hormone in the anterior pituitary that governs fat metabolism. 
It may have some function in sugar metabolism. 

(6) Effect on other glands. —The secretion of anterior pituitary 
also has some effect upon the thyroid (thyreotropic hormone) and adrenal 
(adrenotropic) glands. 

4. The Thymus. —The thymus is sometimes called the gland of 
childhood^ since it reaches its greatest size in individuals of from fourteen 
to sixteen years of age. After that time, it generally decreases in size. 
It may have an influence upon early development and growth. 

/ 5. The Pineal Gland (L. pinea^ the cone of the pine).—Descartes 

believed the pineal to be the “center of the soul.’’ It projects upward 
between the two hemispheres of the brain. In the lizard, SphenodoUy it is 
connected with a third eye (page 469). The removal of the gland appears 
to make little difference, though it may have some influence on growth. 

6. The Adrenals (L. ad, to; renaVis, kidneys).—These are sometimes 
called the suprarenale. An adrenal gland consists of an inner core, the 
medulla (L, medulla, marrow) and a cortex (L. corium, bark). In some fish, 
these two parts are separate glands. In man, although the two parts are 
united, they function separately, each producing a separate hormone. 

a. The Medulla, —The hormone of the medulla is adrenalin, or 
epinephrin (Gr. epi, upon; nephros, kidney). Its function is to regulate 
blood pressure and the tonus of involuntary muscles. It has been called 
the emergency hormone. In times of stress, fear, or anger, the medulla is 
stimulated to pour adrenalin into the blood. This quickens the heartbeat, 
the blood sugar increases, and conditions are created that are favorable 
for an increase of strength. This explains “second wind'’ when one is 
exercising. It also explains why at times a man is said to “fight with the 
strength of ten men.” Physicians use adrenalin as a drug to increase 
blood pressure, since it brings about constriction of the blood vessels. 

b. The Cortex, —This portion of the adrenals produces an entirely 
different hormone, whose function is not well understood. In Addison’s 
disease, degeneration of the cortex takes place, resulting in a lowering 
of the blood pressure, great muscular weakness, pigmentation of the 
skin, and other symptoms. Removal of the cortex of the adrenal is fatal. 
It may also control sex to some extent. Tumors and overactivity of the 
cortex may cause women to become bearded, and have deep voices. 

7. Isles of Langerhans. —Drs. Banting and McLeod, of Canada, 
discovered that insulin is produced in certain patches of tissue in the 
pancreas known as the Isles of Langerhans, Insulin (L. insula, an island) 
is concerned with the storage of sugar in the liver and with the burning 
of sugar in the body; it functions also in the metabolism of fat. Fats 
bum “in the flame of the carbohydrates” (page 520), and when sugar 
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metabolism is upset, the fat metabolism is affected. If there is an in¬ 
sufficient amount of insulin, the disease diabetes^ results. Patients feel 
hungry because the sugar is not available for food and energy; they are 
thirsty because of the large amount of water needed to eliminate excess 
sugar in the blood. Small amounts of insulin injected into the body 
enable diabetics to live in reasonable comfort. 

8. Hormones in the Digestive Tract. —Glands in the lining of the 
digestive tract secrete hormones that aid in digestion. 

a. Gastrin. —This hormone is produced in the stomach by specialized 
cells. Its function is to stimulate the production of gastric juice. 

h. Secretin (page 543).—Certain cells in the mucosa of the small 
intestine are stimulated to produce secretin by the acidulated chyme as 
it comes from the stomach. It is carried to the pancreas by the blood 
stream and stimulates that gland to secrete pancreatic juice. 

9. Endociunes Produced by the Se5j: Organs.' —In addition to pro¬ 
ducing eggs and sperm, the gonads produce certain hormones. The de¬ 
velopment of the sex organs is influenced by the pituitary. 

а. Testes. —In mature testes of the male, testosterone is produced by 
the interstitial cells. This hormone, crystallized and synthesized in 1935, has 
to do with the secondary characters of the male, such as growth of hair, 
body proportions, etc. Androsterone is also found in the blood and testes. 

б. Ovaries. —In the mature ovary, hormones are produced by the 
follicles. Estrone (or theelin), the female sex hormone, was isolated in 
crystalline form in 1929. It has a stimulating effect upon the lining of the 
uterus and the tubules of the mammary glands. When the egg ruptures 
from the follicle, the cells in the follicle differentiate into the corpus 
luteum, and these give rise to a new hormone, progesterone, which was 
first crystallized and prepared artificially in 1934. It appears to continue 
the work begun by estrone. The lining of the uterus is prepared for the 
implantation of the fertilized egg, and the mammary glands are further 
developed. The anterior lobe of the hypophysis appears to govern the 
secretion of milk by these glands, however. 

E. Effects of Removal of Sex Organs. —Removal of sex organs leads 
to profound changes in animals. The mating instinct is greatly modified 
or lost, and there are often changes in the secondary sex characters. For 
example, antlers fail to develop in a male deer that has been castrated. 

F. Transplantation. —If ovarian tissue is transplanted in castrated 
males of rats or guinea pigs, their hair and skeleton tends to become like 
those of the females; also, the mammary glands enlarge. 

G. Freemartins. —Twins are often bom to cows. If these are of a 
different sex, the female is usually sterile. Lillie discovered that in the 
calf twins there is a fusion of the embryonic blood systems so that there 

^ Male and female sex hormones are produced in both sexes, the sex of the animal 
determining whether a preponderenoe of male or female sex hormones will be secreted. 
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is an intermingling of the blood from each. The male gonads develop 
first and cause the suppression of the development of the ovary to such 
an extent that the female is usually sterile. She is known as a freemartin. 

H. Placenta.—After the placenta is established, it is believed to 
secrete emmenin, a hormone which stimulates the uterus and mammary 
glands, as well as much of the theelin found in the urine of pregnancy. 
These hormones suppress the gonadotropic hormone of the pituitary. 
In addition, the placenta is said to be a source of supply of a blood 
coagulant and immune bodies. 

I. Neurohumors.—So-called neurohumors are chemical mediators 
between nerve endings and the organs to which their nerve impulses are 
transmitted. Some authorities regard them as hormones. 


Questions 

1. Certain plants and animals do not possess nervous systems, yet they respond to the 
stimulus of light; explain. 

2. In general, plants turn toward the light. Is there any exception to this? Explain the 
behavior of the prickly-lettuce plant, page 137. 

3. Give examples of negative geotropism in plants. Of negative phototropism in animals. 

4. Describe a neurone. 

6. Where is the nerve cord of invertebrates located? Of vertebrates? 

6. (^ompnre the nervous systems of Hydras earthworm, crayfish, and grasshopper. 

7. What are the purls of the vertebrate nervous system ? 

8 . Discuss the divisions of the central nervous system of man. Include in this discussion 
a full account of the functions of each division. 

9. What is meant by the peripheral nervous system? The autonomic nervous system? 
What is the important work done by each of these? 

10. What is the role of tlie three membranes of the nervous system? 

11. Where is the cerebrospinal fluid found? Whence docs it come? What is its function? 

12. Where is the gray matter of the brain? Of the spinal cord? 

13. Why is the increased surface of the brain (by convolutions) an advantage. 

14. Compare a simple reflex action with a reflex of the autonomic system. 

16. What types of reflex actions involve the following divisions of the central nervous 
system: the spinal cord, the medulla, the cerebrum, the cerebellum? 

16. Distinguish between conditioned and unconditioned reflexes. Give examples of both 
types, other than those mentioned in the text, 

17. Why is it said that a nerve impulse follows a “one-ivay path”? What governs the direc¬ 
tion of the nerve impulse? 

18. What arc some plant hormones, and what role do they play? 

19. How do the secretions of the ductless glands reach cells of the body? 

20. Discuss the following glands with regard to location, secretion, and effects of over- and 
undersecretion: 


pineal 

thyroid 

adrenal 

medulla 

cortex 


pituitary 

posterior lobe 
anterior lobe 
ovaries 
testes 


placenta 

Isles of Langerhans 

glands of the alimentary tract 

neurohumors 


21* Define: tropism, taxis, receptor, effector, optic cbiasma, acromegaly, freemartin, 
midget, cretin, achondroplasia. 



CHAPTER XL 

THE SPECIAL SENSES 


What can give us more sure knowledge than our senses? How else can we dis^ 

tinguish between the true and the false? 

—Lucretius. 

I. Sensations 

The higher animals receive many sensations not included among 
the five conventional senses of smell, sight, touch, hearing and taste. 
Among these are included the sense that helps maintain an upright 
position, or equilibrium; a muscle sense; and, also, internal senses con¬ 
cerned with comfortable breathing, hunger, thirst, and the like. 

Mention has already been made of efflectors and receptors (page 601). 
These may also be called end organs. The end organs of reception are 
located at the outer end of certain sensory fibers; motor end organs 
are situated at the outer ends of motor fibers. Each sensory end organ is 
adapted to a specific kind of stimulus. For example, the retina of the eye 
is adapted to receive light stimuli; the ear, sound waves; etc. 

II. Special Senses of Lower Animals 

Exact information as to the sensations of lower animals is wanting. 
Most of the information that we have on this subject is based upon 
their behavior and what we know about the special senses of man. 

A. Cutaneous Senses.—In the lower animals, many types of tactile 
organs are found. Included among these are the tentacles of the coral 
polyps, the antennae of insects, certain bristles of insects, and tactile 
hairs. The degree of sensitiveness to touch varies in different animals 
and on different parts on the surface of. the animal body. In the verte¬ 
brates, practically the entire surface of the body is sensitive to touch. 
Regions of the body other than the surface that are sensitive to touch 
are the lining of the nasal cavities and the lining of the mouth. 

By experiment, it can be shown that certain points of the skin are 
sensitive to heat; others to cold; still others to pain. Sense organs asso¬ 
ciated with some of these senses have been discovered. 

B. Taste and Smell.—^The receptors for the sense of smell are the 
olfactory receptors^ and these are to be foimd in many of the lower animals. 
Experiments seem to show that they are located in the antennae of 
male moths and that there are about four thousand of them in these 
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large antennae. Apparently the male finds the female by means of the 
sense of smell. 

In some animals the sense of smell is extremely well developed. A 
dog can detect smells that are beyond human power. In the higher 
vertebrates, the senses of smell and taste are located in or near the nose 
and mouth. It is of advantage to have these at the beginning of the 
respiratory and digestive tracts. In the catfish, taste organs are dis¬ 
tributed over various parts of the body but are especially abundant on 
the filaments or “whiskers” around the mouth (Fig. 3077i). Smell and 
taste in man are closely associated with the enjoyment of food. It is a 
common experience to be unable to taste anything when one’s sense 
of smell has been impaired by a bad cold. The smell of certain foods is 
often associated with their taste. 



Fig. 418.—'*Ear/' or hearing organ of the katydid. These organs are on the front legs, just 
below the "knee" joints. (F. A. Baker.) 

C. Hearing and Balance.—A variety of structures is associated with 
the senses of hearing and balance. The statocyst of the crayfish (page 383), 
for example, is an organ that aids the animal in maintaining its equilib¬ 
rium. The cavity of the statocyst is lined with sensitive hairs, and among 
these the crayfish places grains of sand. At each movement of the animal, 
the hairs are stimulated, and the position of the animal is automatically 
recorded. The statocyst may also function as an auditory organ. 

Grasshoppers are provided with auditory organs on either side of the 
first abdominal segment (Fig. 278). This consists of a large membrane 
stretched over a cavity. The vibrations received by this membrane are 
transmitted to a small vesicle, which is connected with a nerve. Similar 
membranes are present on the forelegs of crickets and other insects 
(Fig. 418). 

In the vertebrates, the sense organs of equilibrium and of hearing 
are often combined into a single structure. For example, no external 
ear is present in the frog, but semicircular canals, characteristic of all 
vertebrates, are present. These canals are filled with liquid, and when 
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the body moves, the liquid moves also, and a sense of position is com¬ 
municated through the nerves to the brain. 

The sense of hearing is associated with a drum-like tympanic mem¬ 
brane that can receive vibrations. In the frog, the tympanic membrane 
communicates with the inner ear by a bony columella. From the inner ear, 
the auditory nerve carries the impulses to the brain, where the sense of 
hearing is really produced. The inner ear is connected with the mouth 
by the Eustachian tube, which aids in equalizing pressures on the tym¬ 
panic membrane. 

Sounds are produced by vibrations in the air. The human ear cannot 
perceive vibrations above 30,000 per second or below 33 per second. For 
this reason, many sounds in nature are totally unheard by the human 
ear. Insects qan detect some sounds that are unheard by the human ear. 
In the higher animals, the sound vibrations are collected by the outer 
ear and cause the drum to vibrate; these vibrations are transmitted to the 
inner ear by a chain of small bones^ the hammer, the anvil, and the stirrup 
(malleus, incus, and stapes) and from there through the auditory nerve 
to the brain, which interprets the vibrations as sounds. 

D. Sight.—Some of the lower organisms that possess no special 
sense organs are nevertheless sensitive to light. Tropisms have been 
mentioned (page 596) and the fact brought out that even in these cases 
some substance must be present to receive the light waves. Examples 
are eyespots in Protozoa, pigment cells in certain mollusks, etc. Lenses 
are often associated with such spots and are of value in focusing the 
light. There arc many types of eyes among the invertebrates, both simple 
and complex. 

1. Compound Eyes. —^The eye of the crayfish (page 383) consists 
of a number of similar parts, which correspond to facets that are visible 
when one examines the surface of the eye with a hand lens (Fig. 269). 
These rod-like units (ommatidia) lie parallel to each other and may 
vary in number from a few to several thousand, the crayfish having about 
2,500 and the grasshopper about 9,000. They are radially arranged with 
the rods tapering toward the base; each has a lens-like structure {vitella) 
and back of this, a crystalline cone. Sensory cells (retinula) are connected 
with the brain by nerve fibers. Finally, each of the units, or ommatidia, 
is screened from the adjacent units by a layer of pigment. For this 
reason, each unit receives a single impression from a different region of 
the object looked at, and therefore the image seen is a sort of mosaic 
(page 383). This type of vision is especially useful in detecting motion. 
Just how well insects see is not known. They are supposed to distinguish 
color in flowers, but this has not been proved. 

The best developed eyes among the invertebrates are those that occur 
among the group of mollusks known as cephalopods^ squids, nautili, etc. 
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2 , The Vertebeate Eye.—T he eye of man wUl be taken as a type of 
vertebrate eye (see below). 

In fish, the eyes are lidless; in the frog, there is an upi>er eyelid, 
rather motionless, and a lower eyelid fused with a nictitating or third 
eyelid; in birds, there are three eyelids, an upper, a lower, and a nictitating 
membrane (page 481). 


III. The Special Senses in Man 

The organs of special sense in man are the same as those of the lower 
animals. They are classified as cutaneous senses, muscle sense, hunger, 
thirst, smell, taste, sight, hearing, and equilibrium. 



Fis. 419.^-Cutancous sensations. Cold spots are shown on the thumb. HoL pressure, touch, 
and pain spots can be mapped in the same way. (B. F. Edwards.) 


A. The Cutaneous Senses.—In this group are the senses of touch, 
heat, cold, pain, and pressure. The receptors for the cutaneous senses are 
widely distributed on the epithelium or in the conntxitive tissue of the 
body. That they are distributed irregularly may be determined by experi¬ 
ment. With a stiff bristle or brush it may be determined if a point is 
sensitive to touch or to pain; by means of thin, cold, or warm metal rods 
it is possible to find the areas sensitive to heat or sensitive to cold. If 
a cutaneous nerve is treated with cocaine, the sensations disappear 
in the following order: pain, cold, heat, and touch. The smallest fibers 
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are the first to be affected by the cocaine. Lips and fingertips record the 
highest degree of sensitivity (Fig. 419). 

It is estimated that for the whole cutaneous surface of the skin of 
man, there are something like from 3 to 4 million pain points, 5 million 
pressure points, 150,000 cold points, and 16,000 warm points. 

1. Pain. —This one of the most important of all the sensations and 
is more generally distributed over the skin and in the internal organs 
than any other sensation. Cutting the intestine or removing a tumor 
from the brain does not cause pain, but if the intestine is distended with 
gas or if a stone passes down the gall duct, great pain is felt. The reasons 
for this are not entirely understood. 

2. Referred Pain. —Pain arising in the visceral organs is often 
referred to certain areas on the skin. It is thought that this is brought 
about by the relationship of the nerves and the spinal cord; i,e,, the nerves 
that supply the skin area affected are in the same segment of the spinal 
cord with the nerves that supply the particular portion or organ affected. 

3. Pressure. —Pressure is felt by special types of nerve cells that are 
differently spaced in different parts of the skin. 

B. Muscular or Deep Sensibility.—In the muscles and tendons are 
special sensory end organs which may be simple or complex. From these, 
afferent nerve fibers carry impulses to centers in the brain, and these 
centers send out impulses along efferent nerve fibers to the muscles. This 
is the mechanism by which one has a certain consciousness of the con¬ 
dition of the muscles of all times, f.e., the degree of muscular contraction, 
position of the body, and the like. This sense of position is necessary for 
voluntary movements; it aids in gauging the extent to which a muscle 
or group of muscles must contract to bring about certain results, and 
it is essential in recognizing the size and shape of objects. Without this 
muscular sense one could not learn to type by the sense of touch or to 
play the piano or the violin. 

C. Hunger and Thirst.—Hunger is a sensation due to receptors in 
the stomach wall that are stimulated by contractions of the muscles 
when the stomach is empty. Thirst is a sensation associated with dryness 
and stickiness of the mouth, tongue, and pharynx. It may be local, 
caused by breathing hot, dry air, smoking, etc., by the inhalation of dust, 
by prolonged speaking, or by the eating of dry food; or the causes may 
be general, such as thirst after hemorrhage, after profuse sweating, or 
after greatly increased renal secretion, such as occurs in diabetes. In 
these cases, loss of water from the blood leads to deficient secretion of 
saliva and a consequent dryness of the mouth and pharynx. Because of 
its influence on the salivary center, fear may cause thirst. 

D. SmeU.—^The sense of smell is probably better developed in the 
lower animals than in man. It is a familiar fact that a dog can follow the 
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footsteps of his master by the sense of smell. This animal has a large 
nasal cavity containing olfactory receptors. 

In man, the receptors are located in the uppwjr portion of the nasal 
cavity. In the section on Respiration, it was pointed out that the nasal 
cavity is divided by grooves and that the lowest are the paths of the air 
breathed in and out. The upper sectiem is above this pathway. That is 
why one must “sniff” to fill the olfactory chamber and therefore “get 
a better smell.” The olfactory receptors (Fig. 420) are not so highly 
developed as the taste buds. A moist membrane is necessary for smell. 



Pis. 480.--(A) Di« 9 r«m to illuttraU th« iptcial nerves for the tense of smell. (B) Cells from 
the olfactory epithelium of the human nose. (B. F. Edwards.) 




Pis. 421.--^A) Diasram of the human tongue showing three types of papillae.^B) Taste bud 
(greatly enlarged). (B. P. Edwards.) * 


The sense of smell is easily fatigued. Often, on entering a room, one 
may notice a smell; in a few minutes, it will not be noticed at all. Some 
smells are very penetrating. It is said that iodoform may bfe smelled 
when it is diluted 1 part to a million and that musk may be smelled when 
it is diluted 1 part to 8 million. A dry nasal cavity cannot be stimulated 
by aromatic materials. 

E. Taste.—As previously noted, the senses of smell and taste are very 
closely associated. Figure 421JB shows taste buds, one of several types, 
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and Fig. 421^ shows the distribution of taste buds on the tongue. Others 
are present on the roof of the mouth and in the laryngeal region. A 
substance must be in solution before it can be tasted; a dry tongue is 
incapable of tasting. ^ 

Six fundamental tastes are recognized: s(ilt* sweet, bitter, sour, alka¬ 
line, and metallic^ Receptors for these are located as follows: Salt and 
sweet receptors predominate at the tip of the tongue. Bitter is localized 
on the posterior region of the tongue. Acid and sour are located along the 
sides of the tongue. 

F. Vision.—^The organs of vision and their method of operation are the 
same for man as for the higher vertebrates. More is known about the 
vision of man, however, than that of animals. 

1. Protective Structures of the Eye. —^The eye lies in an eye 
socket, which is surrounded by bone. Pads oi fat around the eye protect it 

from jars and pressures; eyelashes and eyelids keeps 
out the dust and protect the eye in other ways; 
eyebrows keep out perspiration. In addition, the 
surface of the eye is kept moist and washed by 
tears. 

The glands that secrete the tears are located 
just above the eyeball (Fig. 422). They secrete 
tears constantly, and the winking of the eye 
spreads the moisture over the cornea and thus 
keeps it from drying out. If more moisture than is 
needed is secreted, it is collected by a duct that 
drains from the comer of the eye into a lower part 
of the nose. Only in crying, or when the duct is 
stopped up in some way, do the tears “overflow the eye.” The edges of 
the eyelids help keep the tears from flowing over the lids. Tears also 
protect the eyes by removing irritating dust particles. A fatty secretion 
that comes from the glands (Meibomian) in the eyelids covers the edges 
of the eyelids. 

2. Muscles of the Eyes. —^The eyes move very easily. Normal eyes 
are served by their muscles in such a way that both are moved at the same 
time, the same distance, in the same direction. Six mvscles, arranged in 
pairs, are attached at one end of the bony socket of the eye and to the 
tissues of the eye at the other end. Normally, the muscles act in unison. 
When this occurs, the eyeballs are kept in proper relation to each other 
for normal sight. Sometimes, however, a muscle of one eye pulls more 
strongly than the corresponding muscle of the other eye; this gives rise 
to a condition known as “cross-eyes” (strabismus). 

3. Structure of the Eye. —^The eyeball is almost spherical. Its wall, 
as in other vertebrates, is made up of three layers or coats: (1) an outside 



Fig, 422.—Lachrymal, 
or tear, gland and ducts. 
(B. Shamos.) 
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layer, the sclera or the scleroid coat; (2) a middle layer, the choroid coat^ 
containing pigment and some of the vessels supplying the eye with 
blood; and (3) an inner coat, the retina, containing rods and cones, which 
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Fig. 423.—Diagram of a section through the eye of man. (B. F. Edwards.) 


are specialized structures sensitive to light. These connect by means of 
neurones and synapses with the fibers of the optic nerve. 

At the front of the eye, these three layers are modified. The scleroid 
coat is transparent in this region and becomes the cornea; the middle coat 
is the pigmented iris here and contains a central 
aperture, the 'pupil. The iris is made up of 
radial and sphincter muscles that regulate the 
size of the pupil and so regulate the amount of 
light entering the eye (Figs. 423 and 425). Just 
behind the iris is the lens, which is suspended 
in place by the ciliary muscles. The retina just 
reaches the attachment of the lens. Behind the 
lens is a large chamber filled with jelly-like, 
transparent material, the vitreous (!.». vitreus, 
glassy) humor, and in front of the lens is another 
chamber filled with watery fluid, the aqueous 424.—Diagram to 

humor Illustrate refraction of light. 

The blind spot in the human eye is the ^hamos.) 
place where the optic nerve enters the eyeball. No rods or cones are 
present there. 

The yellow spot, or macula lutea, is the spot of most acute vision and is 
in the center of the retina. In its center is a tiny pit, the fovea centralis, 
which is the region of most distinct vision. Only cones are present here. 
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4. Mechanism of Sight. —In addition to the perception of light, 
which is a primary requisite for seeing, there must be perception of form, 
color, depth, and distance. Special light receptors occur as far down in the 
animal series as the flatworms. It is possible that certain invertebrates, 
such as the bees, can distinguish colors. Perception of depth and distance 
is possessed by all vertebrates, but the highest development is in the 
primates, which possess stereoscopic binocular vision. 


A 





Fig. 425.-^Accommodatioti mechanismf of the eye. (A) Pupil dilates when light is 
withdrawn or when eye is looking at distant objecb. (B) Pupil constricb when eye is exposed 
to light or is looking at near objects. (C) Lens changes shape through action of ciliary muscle 
when looking at far and near objects. (B. Shamos.) 


a. Formation of Images, —Rays of light become bent from their 
straight path when they pass from air into some other transparent 
material such as water, glass, etc. This is known as refraction, A simple 
experiment will illustrate this. If a glass rod is placed in a glass of water 
and then looked at from the side, it will appear broken at the point where 
the air and water meet (Fig. 424). The explanation is that the rays of light 
will be bent when they enter the water. The lens of the eye also bends the 
rays of light, as shown in Fig. 428. The surface of the cornea plays a role 
in the bending of the rays, but the lens can change the focusing power 
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of the eye by changing its curvature. The image is “upside down” on 
the retina, but the true position is interpreted by the brain, 

6. Accommodation, —The eye has been 
likened to a camera. The camera contains a 
lens, a shutter {pupil) ^ to regulate the amount 
of light coming in, and a sensitive plate 
(retina) to receive the image. The camera ir. 
focused by moving the lens and the sensitive 
plate closer together for the far objects and 
farther apart for the near objects to be 
photographed. In man, focusing is accom¬ 
plished by changing the shape of the lens 
(Fig. 425). If near objects are to be viewed, 
the lens is thickened by the action of the 
ciliary muscles; if a far point is to be viewed, 
the ciliary muscles relax and the lens become 
flatter and thinner. In young people, the lens 
is more elastic and the ciliary muscle more 
contractile than in older people. For this 
reason, it is possible to focus the lens so that 
the images of the objects only a few inches 
from the eye will be formed. With age, the 
lens loses elasticity and the ciliary muscle 
becomes less contractile. Convex glasses are 
used to aid farsight of middle and old age. 

c. The VLmal Pathways to the Brain ,— 

Images that fall upon the retina set up nerve 
impulses that are carried to the brain by the 
optic nerve. Here they connect with other 
fibers that end in the cortex of the occipital 
lobe of the brain. The two optic nerves meet 
a short distance behind the eyes, forming the 
optic chiasma (Fig. 426). As shown in the 
diagram, the fibers nearest the nose on each 
side cross over, whereas the rest of the fibers 
in each optic nerve continue straight back¬ 
ward. An object placed in front of the eyes 
creates an image upon the left half of both 
retinas or upon the right half of both retinas, never upon the right half of 
one retina and upon the left half of the other one so long as the eyes are in 
their true positions. 

d. Perception of Light and Color. —Light waves are of varying length, 
those of light and color being from 0.0004 to 0,0008 mm. in length. When 


OCCIPITAL LOBE 
Fig. 426.—The optic path¬ 
ways as seen in a horizontal 
section through the head. The 
right half of each retina sends 
fibers (shown in black) to the 
right occipital cortex. Pi and P 2 
are shown as a pair of corre¬ 
sponding points. Fibers from 
these two points presumably go 
to the same point in the visual 
cortex (Po)/ since simultaneous 
stimulation of these two points 
causes a single sensation. If 
images of an object are formed 
on noncorresponding points, 
the object is seen double. See 
also Fig. 407. (Redrawn by 
B. Shamos from Carlson and 
Johnson, The Machinery of the 
Human Body, University of 
Chicago Press.) 
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these enter the eye, they bring about a chemical change in the rods and 
cones. These changes give rise to impulses that are carried by the optic 
nerve to the brain, which interprets or translates them. 

e. Function of the Brain in Seeing .—^The images that fall upon the 
retina start impulses in the eye, but these impulses must be carried 
to the brain before sight is produced. The center for sight is in the occipital 
lobe of the brain. 

/. Binocular VLnon .—If one gazes at an object with one eye, it appears 
somewhat difiFerent from the same object looked at with both eyes. This 
is because man possesses binocular vision. By this is meant that the two 
images falling upon the two retinas are fused in the brain. If an image is 



0 

Fig. 427.—Diasrams to illustrate some optical illufions. 


looked at first with one eye and then with the other, it will be realized 
that the image from one eye differs a little from that of the other eye, yet 
when the image is looked at with both eyes, a single image results; the two 
images have been fused in the brain. 

The power of judging depth and distance is dependent upon several 
things. In looking at an object, one eye sees more of one side and the other 
eye sees more of the other side. One is not conscious of this, but one learns 
by experience and by handling that this slight difference in the sensations 
from the two eyes are produced only by solid objects. In looking at a near 
object, the muscles of the eye contract in one way; in looking at the same 
object farther away, the muscles contract in a different manner. Experi¬ 
ence teaches that these different pulls indicate that the object is not flat 
but has depth. 

g. Optical Illusions .—Things are not always what they seem, since 
judgment is sometimes deceptive. In Fig. 427JS, for example, the two long 
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lines do not look as if they were of the same length because of the position 
of the lines at their ends. The result is a mistake in interpretation. 

5. Some Defects op the Eye. 

The eyes of children are easily 
injured, because they are not yet 
mature. They are delicate organs, 
easily injured by overuse, by read¬ 
ing in a flickering or in a dim light 
or in a poor position, such as lying 
down or bending too low over a 
desk. Books for children should be 
printed with clear type on paper 
that is not glossy. 

a. Nearsight and Farsight ,—In 
a nearsighted eye {myopic)^ the 
eyeball is so long that images arc 
formed in front of the retina 
instead of upon it; the result is a 
blurred image that can be corrected 
by concave glasses that focus the 
image directly upon the retina (Fig. 

428B and C), i\irsighted {hyper- 
opic) eyes have just the opposite 
• condition; the eyeball is short, and 
the images are formed behind the 
retina. Convex glasses will remedy 
this defect (Fig. 428Z> and E), 

Defects of this kind may, of course, 
be slight or pronounced. 

h. Astigmatism .—^This fairly 
common defect of the eye is due to 
the unequal curvature of the refrac¬ 
ting surfaces of the eye. For ex¬ 
ample, the cornea may be more 
curved in a horizontal direction 
than in a vertical direction or 
vice versa. Glasses are easily fitted 
to correct this defect. 

c. Cross-eye^ or Strabismus, 

As explained, cross-eyes arc due 
to the fact that the two eyes do 



Fig. 428.—Diagrams oF normal and defoc- 
tive «yes. (A) Normal eye; the image Falls 
directly on the retina. (B) Nearsighted eye; 
the eyeball is usually longer than normal 
and the image is Focussed in Front oF the retina. 

(C) Concave glasses correct nearsightedness. 

(D) Farsightedness; the eyeball is shorter 
than normal, and the image falls behind the 
retina. (E) Convex glasses will correct Far¬ 
sightedness. 


not act in unison; the muscle of one eye pulls more strongly than the 
corresponding muscle of the other eye. Under these circumstances, the 
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images fall upon diflFerent regions of the retina. A person so affected 
learns to disregard the image of one eye. 

d. Cataract —Sometimes the lens of the eye becomes opaque, and the 
light rays are prevented from reaching the retina. There is no known cure 
for this condition except surgery. When the lens becomes too opaque, it 
must be removed. The light rays can then reach the retina, but all power 
of accommodation is lost. 

e. Opaque Cornea, —Sometimes, through accident, the cornea becomes 
opaque. This is especially true if scar tissue is formed. The light rays 
cannot enter the eye through scar tissue. 



Fig. 489 .^Diagram of the human ear. (After Czermak, from HaupL Fundamentals of Biology.) 


/. Color Blindness ,—Inability to distinguish certain colors is called 
color blindness. There may be many forms and degrees of this defect. The 
most common form is red-green color blindness. For information regarding 
inheritance of color blindness, see page 736. 

G. Hearing and Equilibrium.—^The human ear, as are all vertebrate 
ears, is adapted for the reception of stimuli concerned with the senses of 
hearing and equilibrium. There are three parts, the external, middle, and 
internal ears. 

1. The External Ear. —^In man, the outer ear consists of cartilage 
covered with skin, the pinna. This is not so effective in collecting sound 
waves as the ears of certain of the lower animals. A horse, for example, can 
move his ears toward the direction of soimd so as to gather in the sound 
wlives. The other part of the external ear is the external auditory canal 
or meatus. This is the passageway for sound waves, and at the end of it 
lies the tympanic membrane (Fig. 4^9). 
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2 , The Middle Ear. —^The middle ear is a cavity filled with air, con¬ 
necting with the pharynx through the Eustachian tube. This tube serves 
to equalize the air pressure in the middle ear with that on the outside.* 
Sound waves are transmitted across this cavity by three small bones, the 
hammer y the anvil, the stirrup (the malleus, incus, stapes). The first bone 
in the chain is the malleus, which is attached to the eardrum on one 
side and to the incus, or second bone in the chain, on the other side; the 
incus, in turn, is connected with the stapes, which is attached to the oval 
membrane (fenestra ovalis) of the middle ear. 

The connections of the middle with the inner ear are through two small 
openings closed by membranes, the fenestra (window) ovalis (oval) 
and the fenestra rotunda (round). 

3. The Inner Ear. —The inner ear is made up of bony and membra¬ 
nous parts and is protected by bone. In the inner ear are the receptors for 
hearing and equilibrium. Those concerned with hearing are inside the 
cochlea, a curious, snail-shaped structure. The semicircular canals are 
concerned with the sense of equilibrium. On account of its shape, the 
inner ear is often referred to as the labyrinth. The bony labyrinth is a series 
of odd-shaped cavities in the temporal bone. These are (1) the vestibule, 
{2) the cochlea, and (3) the semicircular canals. The bony labyrinth 
encloses a membranous labyrinth, which, in general, follows the shape 
of the bony labyrinth. Between these two labyrinths is a fluid, the 
perilymph, which apparently has the function of transmitting vibrations 
received from the middle ear to a second fluid inside the membranous 
labyrinth, the endolymph. 

a. The Vestibule. —This is the central cavity of the inner ear. It is 
connected with the middle ear by the two fenestrae mentioned above. 
The membranous vestibule, enclosed by the bony vestibule, does not 
conform to it in shape. It is made up of two small sacs: the utricule 
(L. uter, a little sac or bag made of skin), attached to the semicircular 
canals, and the saccule (L. saccus, a sac), attached to the cochlea. 

In embryonic development, the first sign of the human ear is a small 
pit. Later, this pit is closed off as a small sac or vesicle (Fig. 403). In later 
development, this sac is divided into an upper portion, the utricule, and a 
lower portion, the saccule. From the utricule, the semicircular canals 
develop, and from the saccule, the organ of hearing, the cochlea, develops. 

b. The cochlea (L. cochlea, snail).—^This structure, forming the anterior 
part of the bony labyrinth, is coiled two and three-fourths times upon 
itself and resembles a snail shell in appearance (Fig. 429). 

(1) The canals and the organ of Corti. —Within the bony cochlea 
is a complicated arrangement of three spiral canals or scalae (L. ocala, 

^No equalization of pressure is po^ible if this tube is dosed. Temporary deafness 
occurs when the tube is dosed from inflammation. 
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ladder). The inner membranous canal (scala media) contains endolymph 
and also sensory cells grouped to form the spiral organ of Corti, the 
essential organ of hearing. This complex organ is equipped with sensory 
hairs, and the stimuli received by these hairs reach the brain through 
the auditory nerve. 

(2) Transmission of sound. —^The sounds are collected to some 
extent by the external ear; they pass through the external auditory canal 
to the eardrum, which they cause to vibrate; the vibrations are trans¬ 
ferred across the middle ear by the hammer and anvil to the stirrup bone, 
which fits into the fenestra ovalis of the inner car; the perilymph of the 
inner car receives the vibrations through the membrane stretched across 
the fenestra ovalis and transmits them to the endolymph inside the 
membranous labyrinth; the movements of this fluid stimulates the 
sensory hair-like structures of the organ of Corti and the impulses thus 
received reach the brain through the auditory nerve (the eighth). 

Just hoiD the organ of Corti analyzes the types of sounds, pitch, timbre, 
etc., is not known. Some evidence has accumulated, however, that high 
notes affect the region of the cochlea, where the membrane is narrowest, 
and that the low notes affect the region wdiere the membrane is broadest. 

(3) The auditory center. —^The auditory center is believed to be 
in the temporal lobe of the cerebrum. Removal of both temporal lobes 
causes complete deafness; removing one lobe impairs the hearing. For this 
reason, it is thought that some fibers cross to the opposite side and some 
do not, after the manner of the optic chiasma. 

c. The Semicircular Canals ,—These are concerned with the sense of 
equilibrium and balance. As noted, they are connected with the utriculus. 
The canals are placed in three planes roughly at right angles to each other. 
Each of the canals has an enlargement, a bulbous swelling, the ampulla^ 
and inside of these are ridges with hair-like processes on their margins. 
Endolymph fills the canals, and when the position of the head is changed 
the fluid moves, and movements stimulate the sensory hair-like processes. 
The impulses so received are transmitted to the center for equilibrium 
and balance in the cerebellum by the auditory nerve. An animal is thus 
enabled to adjust its position with reference to the stimuli received 
through the influence of gravity. 

Questions 

1. Discuss the development of the special senses in the lower animals. 

2. What are the cutaneous senses of man? What is meant by “referred pain”? 

8. Why are the senses of taste and smell described as “chemical senses”? Describe the 
organs of taste and smell in man. Why do some things seem to lose their flavor when 
one has a cold? 

4. Is it possible to taste food that is completely dry? Explain. Beview other functions of 
the saliva. ^ 
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5. Where on the tongue does one taste bitter? Sweet? Salty? Acid? 

6 . Explain what is meant by muscle sense. 

7. Describe the structure of the eye of either the crayfish or the grasshopper. How do these 
animals probably see? 

8 . Describe the structure of the human eye. How does the eye move? How are images 
formed on the retina? What is meant by accommodation for far- and near-sight,? W’^hat 
arc some other defects of the eye? How may eye defects be corrected by glasses? 

9. What is the function of the tear (lachrymal) glands? Do these glands secrete only when 
their owner is crying? What glands arc present in the eyelids? Wliat is their function? 

10. The image that falls on the retina of the eye is upside down, yet t hings are seen in their 
upright position. Explain. 

11. Give an account of the structures of the ear concerned with hearing. How do wc hear? 
Compare the mechanism of hearing of the frog with that of man. 

12. Describe the location, structure, and functions of the semicircular canals. 

13. How is pressure in the ear regulated? 

14. Can you explain why more can be done to aid defective eyes to see than can be done 
to aid defective ears to hear? 

16. What is the function of the brain in seeing? 'Where in the brain is the auditory center 
located? 

16. Name some animals w'ith keener sight than man; with keener hearing; with keener 
sense of smell. 

17. Define: ommatidia, facet, accommodation (of the eye), optic chiasma, optical illusion, 
binocular vision, nictitating membrane, Eustachian tube, organ of Corti. 
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SUPPORT, LOCOMOTION, PROTECTION 

Man is all symmelrie, 

Full of proportions, one limb to another. 

—Herbert. 

I. Movement 

The simplest animals move about from place to place by various 
means. Amoeba moves by means of pseudopodia; Paramecium swims 
by means of cilia. Either of these Protozoa can contract its body and 
“squeeze through” a very small space. The crayfish uses its tail for 
swimming, its legs mainly for walking; insects fly by means of wings; 
other invertebrates move in other ways. But except in the very lowest 
animals, locomotion depends upon two types of structures, skeletal and 
muscular. 

II. The Skeleton 

A. Exoskeletons and Endoskeletons.—Exoskelctons, characteristic 
of invertebrates, usually cover the outside of the body; endoskeletons, 
located inside the body, occur principally among the vertebrates. 

B. Skeletons of the Invertebrates. 1. Protozoa. —Among the 
Protozoa, shells of various types are secreted. For example, Arcella 
secretes a shell of chitin; Difflugia constructs a covering of sand grains; 
the Foraminifera have skeletons of calcium carbonate, and the Radio- 
larians secrete skeletons of silica, which may be very complex and 
beautiful (Fig. 196). 

£. Sponges. —Sponges may have a framework made of calcium car¬ 
bonate or more rigid silicious skeletons (Figs. 199 and 200), or they may 
secrete a substance akin to silk, spongin (Fig. 201), as found in bath 
sponges. 

3. Mollxtsks.—^M ollusks produce the types of shells found in snails, 
clams, etc. In the bivalves, the two sides are fastened together with a 
membranous hinge (Fig. 252). 

4. Arthropods. —Crayfish and insects secrete a hard exoskeleton of 
chitin, which may be reinforced by mineral salts. These animals could 
not move if their exoskeletons did not have joints. Motion in them is 
dependent upon muscles that are attached to the inside of the exoskeleton. 
In order to grow, the arthropods must shed their skeletons from time to 
time (eedysis) and secrete new and bigger ones (page 373). 
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C* The Vertebrate Skeleton* —^The vertebrate skeleton is an endo- 
skeleton derived from mesoderm. It is composed of living tissue, which 
may be of two kinds, cartilage and bone. 

1. Cartilage and Bone. —Cartilage is made up of a more or less 
transparent elastic material, the matrix^ in which are scattered cells. 
It often precedes the formation of hone^ in which the matrix is made hard 
by the deposition of calcium carbonate and calcium phosphate. The 
scattered bone cells arc in small cavities or lacunae (Fig. 430), These 
are arranged concentrically in irregular layers around a central cavity, the 
Haversian canal. Bone is rigid, nonelastic, and supports tissue. About 
two-thirds of the weight of a dry bone is mineral matter and about one- 
third animal matter. The bones of young animals contain less mineral 



A 

Fig. 430.—(A) Portion of a long bone. (B) Cross section of bone (highly magnifiedX 
(Modified from various authors by B. Shamos.) 


matter than those of older animals, and for this reason their bones are 
less brittle. If bone is burned in the fire, the animal matter will be burned 
out and will then crumble and break easily; or if a bone is placed in any 
weak acid, such as 20 per cent HCl, or in strong vinegar and left there 
for a time, the mineral matter is dissolved out, and the bone becomes 
as limber as rubber and may be tied into a knot, 

2. Types of Bones and Their Uses. —^The bones in the human skele¬ 
ton vary greatly in shape; they may be long, short, flat, cylindrical, or 
irregular. The long bones, such as those of the limbs, are of importance 
in rapid locomotion. Short bones, such as those of the wrists and the 
ankles, allow free movement over short distances. Where support is par¬ 
ticularly needed, cylindrical bones are present, such as those of the limbs. 
Overweight in the long bones is avoided because of their peculiar struc¬ 
ture; a thin layer of compact bone surrounds a central portion, which 
is spongy. In addition, these long bones contain cavities. A hollow 
cylinder is stronger than the same amount of material in solid form. The 
cylinder contains the same material, yet it supports the weight better. 
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Man uses this principle in constructing buildings. Grass stems or, better 
still, wheat stems that support heavy heads of wheat are good examples 
of the use of the hollow cylinder in nature. 

The flat bones serve in two ways: either they protect delicate 
organs, as do the bones of the skull, or they afford a large area for the 
attaclunent of muscles, as do the hip bones. The vertebrae are irregular 
bones that (1) support the body, (2) protect the spinal cord, and (3) serve 
for the attachment of muscles. The spines of the vertebrae arc especially 
adapted for the third function. 



3. Bone Marrow. —There are two kinds of marrow in the cavities 
of the long bones: (1) red marrow in the spongy bone and (2) yellow 
marrow in the large cavities. The yellow color is due to the presence of 
large amounts of fat. In the red bone marrow, the red. blood corpttscles are 
formed. Bone marrow also contains many blood vessels and nerves. 

4. Joints. —Three types of movable joints occur in the skeletons of 
higher vertebrates: (1) the hinge jointy (2) the gliding or pivotal jointy and 
(3) the ball-and-socket joint. Figure 443 shows a hinge and a pivotal 
joint such as occur in the elbow. Ball-and-socket joints are present in 
shoulders and hips. Where bones meet in a joint, they are enlarged and 
covered by a layer of smooth cartilage. The membranes that enclose the 
joint secrete a fluid, the synovial fluid. This fluid lubricates the joints so 
that they work smoothly. The joints are held together by ligaments (L. 
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ligamentumy bandage). Immovable joints also occur as in the human skull 
(Fig. 431). Such skull joints are called sutures. 

5. The Divisions of the Skeleton. —The skeleton is divided into 
three parts: (1) the axial skeleton, (2) the appendicular skeleton, and (3) 
the visceral skeleton. 

o. The Axial Skeleton, (1) The skull. —The skulls of the cyclo- 
stomes and the elasmobranchs are cartilaginous (page 442). In the skulls 
of the bony fish, there arc two kinds of bones, cartilage hones that develop 
from cartilage and membrane bones that develop from membranes. In 
the amphibian skull, some cartilage is retained in the skuU. The frog skull 



(Fig. IGO) is broad and flat and has two occipital condyles, which articu¬ 
late with the spinal cord. The reptile skull has but one occipital condyle 
and is more bony than the amphibian skull. One occipital condyle is 
present in the bird skull. The bird skull is composed of very thin bones 
that have completely fused. The mammalian skull has fewer bones; some 
have united; others have been lost. This skull is relatively wide and deep. 
There are two occipital condyles, as in the amphibians. 

In spite of the differences noted, there is a surprising similarity in the 
bones to be found in a series of vertebrate skulls. There has bean a process 
of simplification iu the higher forms. 

(2) The spinal column. —In the higher animals, neck vertebrae 
allow a turning of the head. A frog, for example, is able to roll its eyes 
but cannot turn its head to look backward. The number of vertebrae 
in the dpinal column of vertebrates averages about 35, though they may 
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vary from 26 to 80. The upper region of the spinal column is the cervical 
region. In all mammals except four genera, there are 7 of these. Next is 
the thoracic region, and the number varies; the cat (Fig. 432) has 13; 
man has 12. The vertebrae in this region have facets for the articulation 
of the ribs. The largest vertebrae are those in the lumbar region, and the 
number of these varies from 2 to 9. In the sacral region, from 2 to 10 are 
fused to form the sacral bone; the number of caudal vertebrae varies 
greatly; in man, there are otily 4 or 5. 

Each vertebra consists of a cylindrical or oval centrum; dorsal to this 
is the neural arcK which encloses the nerve cord (Fig. 433). Three proc¬ 
esses extend from the neural arch, a dorsal neural spine and two lateral 
transverse processes. Except on the first vertebra, these are separated by 



Fis. 433.—A thoracic vertebra. The transverse processes of the thoracic vertebrae sive partial 
attachment for the ribs. (F. A. Baker.) 


intervertebral disks of cartilage for the attachment of muscles. The indi¬ 
vidual vertebrae vary in various parts of the spinal column. 

(3) Sternum and ribs. — The breastbone is the sternum^ and attached 
to it by costal cartilages are the first 7 pairs of ribs, designated as the 
true ribs. The next three pairs are called the false ribs and are attached 
to the costal cartilages, the lower pair are free and are known as the 
floating ribs. There are 12 pairs of ribs in man. 

b. The Appendicular Skeleton. —The appendicular skeleton consists of 
the limbs, or appendages, and their supporting girdles. In fish, the 
appendages are fins, paired and median. In the higher vertebrates, there 
are two pairs of appendages and a pectoral and pelvic girdle (Fig. 432). 

(1) The pectoral girdle. —This is made up of the shoulder bones, 
the scapulae^ and the collarbones^ or clavicles. Not all mammals have 
collarbones. The arms articulate with, the scapulae. 
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(2) The pelvic girdle. —This consists of two bones, each of which 
is made up of three bones, the dorsal ilium^ which articulates with the 
sacrum, the ventrial ischium, and the pubis, united to form a single bone, 
the innominate. The two innominate bones are joined to each other in the 
front. The lower abdominal organs lie in and are partly supported by the 
pelvis. 

(3) The limbs. —Vertebrate limbs, in all forms above the fish, have 
a remarkable similarity of plan, even though they arc used in very diverse 
ways. Typically, the limb is pentadactyl (Fig. 434). ThiC forelimh of a 
typical land vertebrate consists of a single bone in the upper arm, the 



Fig. 434.—Skeleton of the right forelimb ^f several vertebrates to show fundamental 
similarity of structure. (A) Bird (raven), (B) Bat. (C) Whale. (D) Ox. (E) Horse. (F) Man. 
(C) carpals; (CM) carpometatarsal; (H) humerus; (M) metacarpals; (R) radius; (U) ulna; 
I—V/ digits. (After Scott and Wieman.) 

humerus, which articulates with the scapula; in the lower arm are the 
radius and the ulna; in the wrist there are nine small bones, the carpals; 
in the hand or palm, five metacarpals; and in each of the five fingers, or 
phalanges, there are usually three bones. The number of bones in these 
phalanges, or digits, varies but is usually quite regular in classes. The 
thumb or great toe is designated as digit I, and the others, in order, as 
II, III, IV, V. Knowing the phalangeal formula is a help in classifica¬ 
tion (Fig. 434). 

The hind limb is on the same plan, a single upper bone, the femur, 
which articulates with the pelvis; two bones below the knee, the tibia and 
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fibula; the ankle, nine tarsals; the foot, five metatarsals, each bearing a 
phalange or digit. 

The feet of animals show many remarkable adaptations correlated 
with the way they travel. Animals that travel at a high rate of speed have 
longer legs. There are three types of feet (page 504), the primitive flat- 
footed type, plantigrade, characteristic of bears and man; the digitigrade, 
characteristic of cats and dogs; and the unguligrade, characteristic of 
horses and cows (Fig. 435). 

c. The Visceral Skeleton, —The visceral skeleton develops around the 
anterior part of the alimentary canal. In the lower vertebrates, especially 
the fish, it is a series of cartilaginous arches associated with the gill 
arches or the respiratory system. In animals adapted for life on land, 
these structures are transformed into other uses. In fish of the present 



(Alter Pender end D'Alton. From Lull, Orgenic Evolution, The Mecmillen Compeny.) 

day, the visceral skeleton consists of the upper and lower jaws, the 
branchial arches, and the hyoid^arch. In the higher land forms, the rem¬ 
nants of these bones are found in the larynx and trachea; some have 
become the ossicles of the ear, and the hyoid bones support the tongue. 

6. The Functions of the Skeleton. —The vertebrate skeleton 
performs three functions: (1) support, keeping the body in shape and 
furnishing the framework to which the other parts of the body are 
attached; (£) protection, protecting delicate organs; for example, the 
brain is protected by the brain case or skull, the spinal cord by the verte¬ 
bral column, and the lungs and heart by the chest and backbones; (3) 
framework aud levers, for movement, although muscles are necessary to 
move the skeleton. The skeleton of the lower fish consists not of true bone 
but of cartilage. In the development of bony fish and higher animals, 
bone is at first either cartilaginous or membranous; it eventually becomes 
ossified or transformed into true bone. 
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As already stated, the skull protects the brain. But skeletal devices, 
such as pads of cartilage between the bones and arches and curves, 
prevent jarring, 

D. Skeleton of Man.—Figure 436 is of the human skeleton and 
shows the relation of the bones to each other. The functions of the 



FiS. 436.-—The humen skeleton. Only « few of the most important bones 
** (B. Shamos.) 


labelled. 


skeleton of man are the same as for other animals, i.a., support, protection, 
and furnishing a framework and levers for movement. 

1. The Number and Distribution of the Bones. —The fully 
matured skeleton consists of 206 bones, distributed as follows: 
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The head 

Cranium. 8 

Face. 14 

Ears. 0 

Hyoid in the neck. 1 29 

The trunk 

Spinal column (vertebrae). 26 

Ribs.24 

Sternum (breastbone). 1 

Clavicles (collarbones). 2 

Scapulae (shoulder bones)... 2 

Innominates (pelvic bones) 2 57 

The limbs 

Arms. 60 

Legs. 60 120 

Total. . 206 


a. The Head Bones and Sinuses, Eight hones are fused to form the 
brain case or cranium in the skull of man. The bones are named and the 




Fig. 437.'--{A) Diasram of a section through the human skull to show frontal and sphenoidal 
sinuses. (B) Maxillary sinus. (F. A. Baker.) 


sutures shown in Fig. 431. Fourteen bones make up the face, and there 
are three bones in each ear, the malleus^ incus^ and stapes. The hyoid bone 
supports the tongue. 

Four sinuses are connected with each nasal cavity: the frontal sinus 
and ethmoidal (not shown in figure) open into the nasal cavity; the 
maxillary (antrum of Highmore) opens into the side of the nasal passage, 
and the sphenoidal sinus opens into the nasopharynx (Fig. 437^1 and B). 
These are lined with mucous membranes, and any infiammation in these 
spaces or sinuses is known as sinusitis. The cavities in the mastoid bone 
are also lined with mucous membrane and often become infected, thus 
causing mastoiditis* 
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b. The Trunk. (1) The spinal column. —In mammals, including 
man, the typical number of cervical vertebrae, or those in the neck 
region, is 7. The first cervical vertebra is the atlas^ so named because it is 
articulated with the head. Two occipital condyles rest on the two articular 
surfaces (Fig. 438^) of the atlas. The spinal cord passes through the 
posterior part of the ring of the atlas; in the anterior^ part, the bony 
projection or odontoid process from the second vertebra, the axis or 
epistropheus, forms a pivot, around which the atlas rotates when the head 
is moved from side to side (Fig. 438/i). Figure 433 shows the parts of a 
vertebra. They vary in diflTerent portions of the spinal column. In the 
cervical region, the spinous processes are short and often cleft into two. 
The 12 thoracic vertebrae are larger and have spinous processes directed 
downward; they also have articular surfaces for the 12 pairs of ribs. 



Next to these are 5 vertebrae with prominent transverse processes, the 
lumbar vertebrae. In the adult skeleton, the next 5 are fused to form the 
sacrum^ to which the pelvic girdle is attached, and, finally, 3 or 4 small 
bones, which form the coccyx^ which is the vestige of a tail. The vertebrae 
are piled one on top of another and separated by disks of cartilage; they 
form a long flexible column. The spinal cord passes through the hollow 
cylinder formed by the arches of the vertebrae. Nerves and blood vessels 
pass through the transverse foramen of the vertebrae. 

(2) The sternum and ribs. —^The breastbone is the sternum. Twelve 
pairs of ribs are present. Seven of the upper pairs of ribs are joined to the 
sternum and are called true ribSy whereas the five lower pairs joined to 
the cartilages of the sternum are called false ribs. The two lowest pairs 
of ribs are free at the front end and are called ribs. The collarbone 

is the clavicle and the shoulder bone, the scapula. The upper arm bone, 
the humerusy articulates with the scapula at the cup-like depression, the 
glenoid fossa. 

^ Anterior and posterior here refer to dorsal and ventral, respectively. 
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(3) The girdles, a. The Pectoral Girdle. —In man, the pectoral 
girdle is made up of the two collar bones, or clavicles^ and the two shoulder 
bones, or scapulae. The coracoid is represented only by the coracoid 
process^ which is attached to the scapula. 

h. The Pelvic Girdle. —Each of the pelvic bones is made up of three 
bones, ilium^ ischium^ and pubis^ fused to form a single innominate bone. 



Children's Bureau, U.S. Department of Labor.) 

The two pelvic, or innominate, bones are fastened to the sacrum in the 
back and to each other in the front at the symphysis pubis. The pelvis 
is made up of the two innominate hones the sacrum and the coccyx. The 
lower abdominal organs lie in the bowl-shaped pelvis and are partly 

^ In youth, each innominate bone is made up of 3 parts: (1) ilium, the upper 
expanded poriion, (2) ischium, lower strong portion, (3) pubis. The 2 pubic bones unite 
to form the front of the pelvis (page 649). 
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supported by it. The pelvis is an important part of the skeleton of man 
on account of his erect posture. 

c. Limbs. —Each of the limbs contains 30 bones. The large bone in 
the upper part of the arm is the humerus; that in the upper part of the 
leg, the femur. The two bones in the lower part of the arm are the radius 
and ulna; those in the lower part of the leg, the fibula and tibia. The 
wrist contains 8 bones, the carpals, and the hand, 5 metacarpals, each 
bearing a finger or phalanx. The ankle consists of 7 tarsal bones; the foot 
contains 5 metatarsal bones, each bearing one toe or phalanx. From th<‘ 
foregoing, it is seen that there is 1 more bone in the wrist than in tlu^ 
ankle, but the kneecap, or patella., is an extra bone in the leg; hence 
the number of bones in the arm and leg is the same. 

2. Functions of Arches and Curves. —In addition to the protection 
of the brain by the skull, various skeletal devices protect that important 
organ. The first of these is the arch of the foot. A side view of the arch 
of the foot (Fig. 436) shows that it is a real arch and that the axis of the 
body passes through the arch. In standing, therefore, the weight of the 
body falls on the arc'h, wliich acts as a sort of spring. The brain is also 
protected from jarring by the curves of the backbone (Fig. 430). If a 
straight stick is grasped in the hand and the floor struck with it, a jar 
will be felt, but with a curved stick, when the floor is struck, the jar wdll 
be much less severe than with the straight stick. The head of man is 
balanced at the top of the vertebral column. Pads of cartilage between 
the vertebrae give elasticity to the w^hole skeleton and serve to protect 
the brain from jars. 

There are four curves, alternately convex and concave, in the vertebral 
column, and the vertebrae are bound together by ligaments. 

3. Special Features in the Human Skeleton. —Although other 
vertebrates contain bones of the same types as those in man, distinct 
differences are evident. Only a few of these will be mentioned. Most 
of the peculiar features of the human skeleton are associated with the 
large brain and the upright position of the body. Some of the differences 
between the bones of apes and man are as follows: 

1. The skull of man is larger in proportion to his size on account of 
the large size of the brain. The jaws of the ape are longer and heavier, 
and the front teeth slant forward. 

On account of the upright posture of man, the head is balanced on 
top of the spinal column. This is possible because of the extra curve or 
backward turn at the top. When the ape stands up, his head extends 
forward. 

2. Certain modifications of the pelvic bones are associated with an 
upright carriage. These bones are spread out so that balancing on two 
feet is possible. 

8. The arms of the ape are longer, and he does not have a thumb 
opposable to the fingers. 
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4. Hygiene of the Skeleton, a. Bones of Children .—The bones of 
young children do not contain as much mineral matter as do those of 
adults; hence they bend more easily. Heavy loads will pull young shoulders 
downward and cause round shoulders. Books and other loads carried 
habitually on one side may cause a slight curvature of the spinal column. 



C 

Fig. 440.-—Some ikeletal deformities which may be corrected by use of a special diet 
and proper braces. The figures on the right show limbs after correction of defect (no operation). 
(A) **Knocklcnees." (B) *'Bowlegs.'* (C) Club feet (Courtesy of Good Samaritan Clinic, 
Atlanta, Ga.) 

Tight belts around the waist may cause an inward bending of the ribs. 
Posture will be more fully considered in the study of the muscles. 

6. Broken Bones .—Bones that are broken will mend if proper care 
is given to them. The two broken surfaces must be placed together in the 
right manner, which only a physician is able to do. First aid consists of 
straightening out the broken limb. If the patient must be moved, a pillow' 
may be tied around the limb, and a stiff support, such as a cane or um¬ 
brella, fastened to it to keep the limb from moving. 
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c. Fractured Bones, —Fractured bones are bones that may be com¬ 
pletely broken. If ligaments around a bone are broken and the bone slips 
out of its socket, it is dislocated. Sprains are not so serious as dislocations. 
In the latter case, some of the ligaments are broken and torn loose, but 
the bone is not forced out of the socket. 

d. Rickets. —lack of minerals in the diet, or a disturbance in mineral 
metabolism so that proper calcification of the bones does not take place, 
causes rickets. This condition leads to the formation of bowlegs, knock- 
knees (Fig. 440.4 and jB), and other malformations of the skeleton. 
Adequate amounts of calcium and phosphorus help correct this condi¬ 
tion; also, cod-liver oil, which contains vitamin D, egg yolk, whole milk, 
and fresh vegetables. 

e. Fallen Arches. —This occurs when the arches^ of the foot, which are 
maintained in a normal condition by muscles, ligaments, and connective 
tissue, flatten out. Wearing improperly designed shoes will often bring 
about this condition. 

/, Club Feet. —This is due to the contraction of tendons (Fig. 440r/). 
There are several types of this malformation. They can be corrected by 
use of casts and surgery. 

III. The Muscles 

The skeleton plays a passive part in the movement of the animal 
body; the muscles play an active part. One of the chief characteristics 
of living things is their ability to move. In HydrOy one cell may contain 
both muscle and nerve elements, but in most animals, muscles form 
distinct tissues. They move the giant whale of the sea and also the lowly 
snail; they arc responsible for the beating of the heart and for all the 
movements of the vital organs. Most of the discussion of muscles in this 
section refers to the muscles of the human body (Figs. 441 and 442). 

A. T3q)es of Muscles.—Three types of muscles are recognized: (1) 
striatedy or voluntary, muscles, which are under the control of the will; 
(2), smoothy or involuntary, muscles, which are not under the control of 
the will; and (3) cardiac, or heart muscle, typical of the vertebrate heart. 

1. Striated Muscle, a. General Features, —As its name implies, 
striated muscle is characterized by cross striations (Fig. 24). They are 
attached to the skeleton, and the movements accomplished by it are under 
the control of the will, i,e,y voluntary. For these reasons this type of 
muscle is often called striped or voluntary or skeletal. Because these 
muscles form part of the body wall, they are sometimes called somatic. 

The muscle is made up of spindle-shaped fibers, each of which has a 
sheath (sarcolemma) enclosing the soft contractile substance. Each fiber 

^The arches of the feet are: (1) longitudinal arch running from heel to toes on inner 
side of the foot (instep), and (2) transverse arch across the foot in the metatarsal region. 
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or cell has many nuclei, which are on the inner surface of this tubular 
sheath or sarcolemma. The individual fibers vary in length, number of 
nuclei, and in the number of fibrils of which they are made up. Sarcoplasm 
is the fluid material surrounding the fibrils (myofibrils) in a fiber or cell. 


BRACHlORADiAllS 
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DELTOID 

TRAPEZIUS 
INFRASPINOUS 



Fis. 441.—Muscles of men, back view. Simplified labelfins by the author. (From Frohse 
Chart, Courtesy of A. J. Nystrom Company.^ 

There are two types of fibers, red and white. There may be both types of 
fibers in all skeletal muscles of man, but in the muscles that take care of 
slow movement the red fibers predominate, and in the muscles that take 
care of quick movements the white fibers predominate. 

The muscle fibers are bound together in bundles, the fascicvlL Each 
bundle is surrounded by connective tissue; this tissue also binds the 
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smaker bundles into larger bundles. Sheets of it surround the muscle. 
This covering, or fascia, carries blood vessels and nerves. The bundles 
in a muscle may be observed in a piece of beef cut across the grain. 
Tendons fasten the muscles to the bones. These are dense white cords. 
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Fig. 442,—Muscle* of .men, front view. Simplified labelling by the author. (From Frohte 
Chart, Courtesy of A. J. Nystrom Company.) 


found at the ends of the mu.scles; or. they may be flattened, in which case 
they are called aponeuroses (Gr. aponeuroun, to pass into a tendon). 
Other terms connected with muscle study are origin, the end of the muscle 
attached to the less movable bone, and insertion, the end attached to 
the more movable bone. 
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6. Types of Skeletal Muscles ,—Skeletal muscles are grouped according 
to the work that they do. They occur in pairs and “work against each 
other.’’ Such action is said to be antagonistic (Fig. 443). 

(1) Extensor and flexor muscles. —A muscle that bends one part 
of the skeleton more than another is tx flexor muscle; one that extends a 
part, an extensor. For example, when the muscles in the front of the arm 
(biceps) contract, the elbow bends; while this is happening, the muscles 
on the back of the arm (triceps) relax. The muscles on the back of the arm 
may now contract and straighten the arm. The biceps is sl flexor muscle, 
and the triceps an extensor muscle. 



Fig. 443.—Antagonistic action of muscles. The biceps bends the elbow and is a flexor muscle; 
the triceps straightens the elbow and is an extensor muscle. (B. Shamos.) 


(2) Adductors and abductors. —^An adductor muscle will draw an 
appendage toward the mid-line of the body; an abductor muscle will move 
it away from the mid-line of the body. 

(3) Elevators and depressors. —As the name implies, an elevator 
muscle will elevate a part such as the lower jaw or the head; depressor 
muscles will lower a part. 

(4) Rotators. —A rotator muscle will move one part over another, 
as the turning of the arm at the shoulder. There are two types, the 
outward rotators and the inward rotators. 

(5) Constrictors, or sphincters, and dilators. —These are circular 
muscles, which close or open circular orifices, such as pupil of the eye, etc. 

Smooth Muscle. —Smooth muscle is nonstriated, often called 
involuntary^ because it is not under the control of the will, or visceral^ 
because it is present in the visceral organs* The cells are spindle-shaped 
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and contain a single large nucleus (Fig. £4), The cytoplasm is differ¬ 
entiated into sarcoplasm and myofibrils. Though smooth muscle cells 
may occur as isolated small patches, they are usually arranged in two 
layers, an outside longitudinal layer and an inner thicker circular layer, 
as in the intestine. Connective tissue surrounds the muscles and carries 
the blood vessels and nerves. The peculiar characteristics of the smooth 
muscle are that they contract more slowly and are relatively slow in 
relaxation. The function of the smooth muscle is to carry on the necessary 
activities of the vital organs, as peristalsis, etc. 

3. Cardiac Muscle. —Although the cardiac muscle is also striped or 
striated, the striations are less distinct than those of skeletal muscle 
(Fig. £4C)* The fibers branch and unite by these branches with neighbor¬ 
ing fibers. The single nucleated cells are smaller and are quadrangular 
in shape. These are arranged end to end. The continuous sheet thus 
formed is cut by intercalated disks, structures peculiar to heart muscle. 
They have no true sarcolcmma. The action of cardiac muscle is 
involuntary. 

B. Muscle Action.—The chief characteristic of muscle tissue is its 
ability to contract and relax (Fig. 443), It is this power that enables 
muscles to move the body. 

1. Contraction and Tonus. —When a muscle contracts, it changes 
its shape. Each fiber becomes shorter and thicker, but the volume of the 
muscle as a whoh^ is unchanged. This has been proved by expt^riment. 
Just what changes occur in the organization of the protoplasm when 
each fiber becomes shorter and thicker is not well understood. 

Muscles are usually thought of in connection with movement. 
However, some muscles must be in'eonstant contraction in order to 
maintain posture. For example, if one goes to sleep while sitting in a chair, 
the head will fall forward. To keep the head erect the muscles that sujiport 
the head must be in a state of contraction, or tonm, A dead body will 
not stand erect but will collapse at the joints. It is therefore evident 
that standing erect, even though there is no movement, involves heavy 
work of muscles. 

2. Relation of Muscle and Nerve. —There is an intimate relation¬ 
ship between the muscles and nerves, since all muscles are provided with 
nervous connections. If the nerve leading to a voluntary muscle is cut, 
the muscle becomes paralyzed and will not contract voluntarily; but such 
a muscle still exhibits some degree of irritability. It cannot be made to 
contract by voluntary effort, but a stimulus given to the muscle directly 
may result in a contraction. Smooth and cardiac muscles differ in this 
respect. They can continue some activity even though their nerves are 
cut. This is important, since the smooth muscle is concerned with vital 
activities and the heart, which contains cardiac muscle, must beat if the 
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animal is to continue to live. Just why these muscles differ from tlie 
skeletal muscles in this respect is not known, although it has been sug¬ 
gested that the difference may be due to the nerve cells that are present 
in such muscles. 

Animal starch, or glycogen (page 546), in addition to being store<l 
in the liver, is also stored in tjie muscles for future use. During the 
contraction of the muscle, some of the glycogen is changed to lactic 
acid, and in this reaction energy is liberated. Oxygen does not take part 
in this first reaction. Later, however, the lactic acid may be partially 
reconverted to glycogen, and for this process oxygen is necessary. Oxygen 
is brought to tlic muscle by the blood. Soon after the muscle begins to 
contract, an increased flow of blood takes place, which not only brings 
the oxygen but also takes away the excess lactic acid and wastes, espe¬ 
cially CO 2 . Soreness after too heavy exercise is said to be partly due to an 
accumulation of lactic acid in the tissues, though it may be due also to 
injury to the fibers. 

The contraction of muscle, the formation of lactic acid from glycogen, 
and the reconversion of lactic acid into glycogen with the liberation of 
heat is a complex subject. It is known that these things happen, but there 
is some question as to exactly how they occur. 

In addition to the relationship of glycogen and lactic acid, three other 
activities result from muscular contraction: (1) increased production 
of wastes; (2) increased heat production; and (3) greater activity of the 
nervous system. These, in turn, bring about other activities, such as an 
increased rate of the heartbeat, which results in a greater blood flow to 
the active muscles; and an increased rate of breathing, which brings a 
greater amount of oxygen to the lilngs and eliminates a greater amount of 
CO 2 from the lungs. 

3, Fatigue. —When a muscle becomes fatigued, it does not contract 
readily; indeed, if the fatigue is great, it may not contract at all. This is 
probably due to the chemical changes associated with the accumulation 
of lactic acid. It is interesting to note that the site of the fatigue is at 
the connection of the nerve with the muscle. If a muscle showing signs 
of fatigue by reduced contraction be stimulated directly and not through 
the nerve, it will contract vigorously for some time longer. The cells will 
not recover if fatigue be carried to the point of absolute exhaustion. In 
this case, there is a coagulation of the protein of the fiber; the muscle 
dies and becomes rigid. 

Fatigue is a very complex phenomenon. What we refer to as ‘‘being 
tired,” or fatigued, is not always due to fatigue of the muscles. It may 
be due to mental states, lack of interest, laziness, etc. The sensation of 
fatigue is a protective reaction that occurs long before the danger point 
in the use of the muscles. 
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Rigor mortis is the rigid state of a body after death. This occurs from 
about 10 minutes to 7 hours after death and lasts from 1 to 6 days in the 
case of the human body. After this time, muscles again become soft and 
flexible. 

4. Exercise. —^Through exercise, the circulation is increased and, 
as a result, the materials are taken to and from the tissues more efficiently, 
A strong heart can be developed only by exercise suited to one’s age and 
the type of life he leads. 

If the muscles of respiration are strengthened by exercise, greater 
expansion of the chest takes place during breathing. This results in 
better ventilation of the lungs, and more oxygen is carried by the blood 
to the tissues. The processes of oxidation and the removal of wastes so 
necessary for health are thus carried on more efficiently. 

Muscles not properly exercised become weak and flabby. On the 
other hand, too much exercise is harmful. “Athlete’s heart,” which 
causes the death of many fine atheletes, is due to overexercise, which 
results in certain structural changes in the heart, such as overdevelopment 
of muscle so that the valves do not close normally. 

Shivering is a useful reflex. Muscular contractions occur during shiver¬ 
ing that generate heat and make one more comfortable. 

IV. The Skin 

Contact with the outside world is mainly through the skin. From 
time to time, certain functions of the skin have been mentioned. These 
will be better understood after knowing something of the various struc¬ 
tures of the skin. 

A. Appendages of the Skin. —Briefly, some of the structures pro¬ 
duced by the skins of vertebrates are as follows: The skin of fishes con¬ 
tains glands and pigment cells but are especially characterized by the 
presence of scales of various types; amphibian skin contains pigment and 
gland cells, and scales are present in one order only; Reptile skin produces 
homy scales, specialized structures such as rattles, spines, claws on the 
limbs, etc., and there are no glands; bird skin produces scales on the legs, 
claws on the feet, but the characteristic epidermal structure of the bird 
skin is the feather; mammal skin produces a wide variety of structures, 
horns, claws, hoofs, hair, and four types of glands (mammary, sweat, or 
sudoriferous, sebaceous, and scent). All these are concerned with the 
protection of the surface of the body. This is especially true of scales, 
feathers, and hair. 

B. The Human Skin. —^The human skin varies greatly in different 
races with resi>ect to texture, color, and amount of hair; the native 
Australians are hairy, whereas the native Malays are beardless. 
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1. Stbuctubb. —^There are two layers of the skin, an outside layer, 
the epidermisi and an inner layer, the dermis, or corium (Fig. 444). 

a. The Epidermis ,—^The outside layer of the skin is made up of four 
layers, the upper three consisting of practically dead cells, and the lower 
layer (stratum mucosum or stratum germinativum) consisting of proto¬ 
plasmic cells, which are constantly multiplying and adding to the three 
upper layers. These cells change in character as they are added to the 
upper layers; keratin, a waterproof substance, is added, and the cells 
change from a columnar shape to flat scales. The inner cells of the epider¬ 
mis secure enough food to keep them alive, but the outer cells are dead 
and are continually being worn off or shed. These dead cells are the 
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Fig. 444.-—Diagram to illustrata the structure of the skin. (Courtesy of the Clay-Adams 

Company.) 


‘‘dead skin” on the body and “dandruff” on the head. The outer, homy 
layer of skin is especially thick on the palms of the hands and the soles 
of the feet. Most skin contains some color, and in animals this is some¬ 
times arranged to form elaborate color patterns. 

b. The Dermis .—^The living part of the skin is the dermis. As shown 
in Fig. 444, it is thrown up into little ridges, the papillae, where it meets 
the epidermis. These are the ridges that show prominently in the finger¬ 
prints. Since no two fingerprints are exactly alike, such prints are useful 
in the identification of persons. It is routine practice to keep on record 
the fingerprints of criminals, for possible future identification. If records 
of the entire population were kept, they would aid in identifying persons 
suffering from a type of forgetfulness known as amnesia. 
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In the dermis are located nerves, glands, blood and lymph vessels, 
and connective tissue. Fat is stored in this layer, also (Pig. 444). Here, 
too, are certain nerve fibers that regulate the constriction and expansion 
of the blood vessels of the skin, thus helping regulate the heat of the body, 
and others, which go to the muscles, that cause the erection of hairs. 
Nerve fibers are also connected with the secretory glands, and, in addi¬ 
tion, nerve endings are also present that are sensitive to touch, heat, 
cold, and pain. These sensations were referred to in the section on the 
nervous system (page 631). 

c. Hair ,—In Fig. 444, it will be noted that each hair is lodged in a 
small deep pocket in the skin, the hair follicle. At the bottom of the follicle 
is a mound of connective tissue, the papilla, on which the hair rests. The 
follicle is lined with cells that have been folded in from the epidermis, 
and the papilla is also covered with cells. The epidermal cells at the 
base of the hair multiply and push the cells upward, and so the hair grows. 
Hair, like the epidermis, contains neither blood vessels nor nerves. The 
papilla, however, have a rich blood supply, and the cells at the base oT the 
hair receive an abundance of food. 

Attached to the hair follicles are muscles. When these contract, the 
hairs “stand on end,” as they do when one is badly frightened. The 
erection of hairs on a dog’s neck or on a cat’s back, when irritated, illus¬ 
trates this point. 

Dandruff consists of scales of dead epidermis. Such scales occur over 
the entire body. Certain diseases of the scalp, however, bring about an 
excess of dandruff. Baliness may be caused by disease germs; some types 
are inherited (page 746). 

d. Glands, (1) Sebaceous giands are of the compound type. Their 
function is to furnish an oily secretion for the hair to keep it soft and 
pliable. A modified sebaceous gland is found on the eyelid, the Meibomian 
glands of the eyelashes. The wax glands of the ear resemble sebaceous 
glands. 

(£) Sweat or sudoriferous guands are present in most mammals. 
Some exceptions are the echidna, the mole (ToZpa), the aquatic Cetacea 
or whale family, and the Sirenia (sea cows). The sweat glands aid in 
maintaining body temperature (see below). 

(3) Mammary glands in some form are found in all mammals. In 
the monotremes, they are quite simple, but in the higher mammals, 
including man, they are of the compound type and secrete true milk. 

e. Nails are modifications of the epidermis and grow chiefly from the 
base. The young cells that produce the nail are not as transparent as 
the older cells, hence there are “half moons” at the base of each nail. 

2, Functions of the Skin. a. General Functions .—SoMe of the 
functions of the skin have been referred to in other chapters. (1) It acts 
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as a protective covering for the body; (2) it keeps the body from drying 
out; (3) it protects the delicate tissues beneath it from mechanical 
injury; (4) it protects the body from foreign organisms so long as it is 
unbroken (Fig. 445); (5) it contains several types of nerve fibers and 
nerve endings, as fibers to the blood vessels, fibers to the muscles, which 
cause erection of hair, fibers and nerve endings concerned with the 
sensations of touch, heat, cold, and pain, as well as fibers to the sweat and 
sebaceous glands; (6) it plays an important role in the maintenance of 
body temperature, 

b. Body Heat, —Animals are divided into two classes, the cold¬ 
blooded, poikilotherrnic (Gr. poikilos^ variegated; iherme^ heat) animals, 
whose temperature, like that of frogs, changes with the environment, 

SPLINTER 


WHITE 

BACTERIA 

Fig. 445.—Protective action of the skin and white corpuscles. When the skin is broken, 
as when a splinter is imbedded in it, bacteria gain entrance to the body. Diagram shows 
bacteria entering capillary from splinter; also the white blood corpuscles which migrate to 
the focus of infection and engulf bacteria, dead tissue cells, etc. (See page 566.) (F. A. Baker.) 

and the warm-blooded, horniothermic (Gr. homos same; therme, heat) 
animals, which have almost constant temperature. To the first class 
belong the fish, amphibians, and reptiles, and to the second, the birds 
and mammals, including man. 

(1) Production and loss of heat. —Oxidation processes in the 
cells, the reducing of complex to simple substances, liberates heat. The 
most important heat-producing organs are the muscles, through muscular 
activity. The heat is distributed to all parts of the body by the blood. 
Heat is lost from the body in the processes of respiration, the evaporation 
of sweat, radiation from the surface of the body, and in the wastes (urine 
and feces) thrown off. 

(2) Maintenance of body heat. —The maintenance of heat in the 
human body depends upon many factors. There is evidence that there 
is a heat-regulating center in the brain. The skin plays an important role 
in the regulation of the body heat for several reasons: in the first place, 
it offers a large surface for heat radiation; in it is a rich network of capil¬ 
laries, and they are able to hold a large part of the blood supply. The 
nervpus system controls the expansion and constriction of these capillaries 
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so that heat is lost or conserved according to the environmental tempera¬ 
ture, In the skin, too, are the sweat glands^ which are stimulated to 
activity by the nervous system when need for cooling the body arises. 
The evaporation of the sweat from the skin has a cooling effect. Sweat, 
may have an excretory function, also, but its main importance is in the 
elimination of heat. The amount of sweat is increased by increased 
temperature or humidity of the atmosphere. Because the air can take 
up only a certain amount of water vapor or moisture, high humidity of the 
air interferes with the evaporation of sweat. Pain, nausea, mental 
excitement, as well as certain diseases (malaria, tuberculosis, and acute 
rheumatism) and drugs, also increase the amount of sweat. 

Decrease in the amount of sweat is brought about by certain diseases 
(fevers, diabetes, etc.), cold, diarrhea, and the voiding of large quantities 
of urine. Both the sweat glands and the blood vessels in the skin are 
controlled by the nervous system. It follows that the amount of heat 
lost from the body is regulated by the nervous system. 

Other factors that affect the temperature of the body are age, clothing, 
individual differences, and hot and cold baths. Children do not exhibit 
the same constancy of temperature as do adults. Naturally, in the growing 
child, there is a large production of heat. Also, there are individual differ¬ 
ences in body temperature, which are related to size, shape, and the 
amount of fat present. 

(3) Normal and abnormal temperatures. —The normal tempera¬ 
ture of the human body is about 98%°F., or 37+°C. The amount of 
blood that comes to the skin (page 568) helps regulate the body heat. 
The blood vessels in the skin are so abundant that they are capable of 
carrying a large portion of the blood of the body. 

Normal temperatures vary with different people, but within fairly 
small limits. When the temperature reaches 102‘^F., the patient is said 
to be suffering with a warm fever; 104°F. indicates a hot fever; a tempera¬ 
ture 105®F. is dangerous if it continues for a long time. When the tempera¬ 
ture rises to 109 or 110°F., death usually results. On the other hand, a 
temperature of 91 or 92°F., if continued for a long time, will also lead 
to death. 

When heat is produced as a result of violent exercise, the body soon 
cools off naturally. But In the case of fever, not enough heat is lost. 
Often the sweat glands do not function. Sponging with tepid water helps 
cool the body in cases of slight fever; rubbing with alcohol has the same 
effect. 

A chill, or a feeling of chilliness, may occur in various types of illness 
when the blood vessels of the skin become constricted. Under such 
conditions, the skin contains no warm blood, and the patient feels cold 
even though the interior of the body may be hot with fever. 
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(4) Baths. —Baths affect the circulation and therefore the body heat. 
Tejrid baths do not affect the circulation to any great extent. They are 
beneficial in that they remove body wastes, dust, etc. Cold baths cause 
contraction of blood vessels in the skin; the return of blood to the skin 
after the bath gives a feeling of warmth. Rubbing helps stimulate this 
reaction. If the bather is not in good physical condition, this reaction 
may not follow, and the individual is left chilled and shivering. Hot 
baths have exactly the opposite effect; the blood vessels in the skin 
enlarge and draw the blood to the surface and away from the vital organs. 

Questions 

1. What are some advantages of endoskeletons over exoakeletons? Are there any verte¬ 
brates that have exoskeletons? 

2. Why must the arthropods shed their skins periodically? Are there any vertebrates 
that do this? 

3. What part of bone is living? 

4. Give examples of the types of joints, and show their fitness for the particular functions 
that they perform. 

6. Show how the shapes of bones are adapted to their particular uses. Why is a hollow 
long bone stronger than a solid bone of the same size and sliapc ? 

6. Explain why the curves in the spinal column protect the brain from jar. Arc these 
curves present in cat skeletons? What relation have the curves to the fact that man 
walks erect? 

7. What are the general functions of the skeleton? 

8« De.scribe the various types of bones and joints of the human skeleton, giving the 
functions of each. 

9. What are the .special functions of the pectoral and pelvic girdles? 

10. Which has the greatest number of bones, an adult or a young child? Explain. 

11. What types of bone marrow are there? What is the function of the red bone marrow? 

12. What is the function of the periosteum ? How do bones knit together after a fracture 
or break? 

13. What are sinuses? 

14. What are some special features of the human skeleton? 

16. Are young bones easily bent? What are some general health rules to follow with regard 
to posture? 

16. What are clubfeet? Can rickets be prevented? What are fallen arches? 

17. What are the three types of muscles? What is the work of each? 

18. Give three functions of muscles. Explain the antagonistic action of muscles, using the 
biceps as an example. 

19. What part does the nervous system play in the work of muscles? Which part of the 
nervous system controls the involuntary muscles? The voluntary muscles? 

20. About how many muscles are there in the human body? What is the effect of exercise 
upon the muscles? Why does one become warmer upon exercising? Is bad posture the 
result of weak muscles? Explain. 

21. Distinguish between contraction and tonus. 

22. Why will a dead body not stand erect? 

28. How does a muscle use glycogen? 

24. What are the protective functions of the skin? Why will a splinter stuck in the body 
often **fester’*? (See page 445.) 
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26. How does hair grow? What does the statement “his hair stood on end’* mean? 

26. Name the glands of the skin, and give an account of their functions. 

27. What is fever? A chill? What is the normal body temperature of man? 

28. What are four ways in which the body may lose heat? 

29. What are the advantages and disadvantages of warm baths? Of cold baths? 

80. Define: lacunae, condyle, aponeuroses, extensor, flexor, adductor, abductor, tonus, 
shivering. 



CHAPTER XLH 

REPRODUaiON 


Each seed includes a plant; that plant again. 

Has other seeds, which other plants contain; 

These other plants have all their seeds; and those 
More plants again, successively inclose. 

So Adam’s loins contain’d his large posterity, 

All people that have been, and all that e*er shall be. 

— Baker.^ 

I. The Span of Life 

Everything that lives dies sooner or later. This is a universal law. The 
span of life may vary from a few minutes, as m certain bacteria, or a day, 
as with May flies, to thousands of years, as with t he big trees of California 
(Fig. 546). A dog is old at eight years, though he may live longer; ele¬ 
phants live a hundred or more years; and some turtles arc said to live 
more than three hundred and fifty years, though most of them live 
much less than that. “Three score years and ten’’ is the allotted span of 
life for man. Many people live beyond that age, but anyone a hundred 
years of age is considered very old indeed. Some of the big trees of 
California existed before the beginning of the Christian era. But to all 
living things, with the exception of lower forms, death must come in due 
time. The question arises as to how life can go on. Pasteur is credited 
with the saying, Omne vivum e mvo^ all life from life. Virchow’s Omnis 
cellula e cellula^ all cells from cells, expresses the same idea. The old 
belief that life can originate from nonliving matter persisted long after 
scientific tests proved this to be untrue. The conclusion is that if life 
is not to perish from the earth, the species now in existence must produce 
others of their kind. 


II. Reproduction 

Reproduction (L. re, back; pro, before; dwco, lead) is one of the most 
fundamental properties of protoplasm. The enormous power of reproduc¬ 
tion possessed by all living things is best shown by a few examples. The 
egg mass of a single tick that lives on the dog contains thousands of eggs. 
It is said that if all the eggs from a single female codfish should live, the 


1 Prom Woodruff, “Baker on the Microscope and the Polype,” Scientific MorUhly, Vol. 7. 
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sea would be packed solid with codfish within 10 years. But the numbers 
of codfish and dog ticks remain about the same, since they must compete 
with other organisms for living space. Usually, only a small fraction of the 
organisms produced are necessary to maintain the species; the rest die 
off. However, fossils found in rocks reveal that many creatures ceased to 
live on earth thousands of years ago, and even now certain 
species will soon become extinct tmless they are protected. 

A. Early History.—It was inevitable that fantastic 
theories about reproduction should develop before exact 
knowledge about the process was available. Many germ 
cells could not be seen until microscopes were invented; 
further, the understanding of the development of embryo- 
logical structures had to await the perfecting of the 
microscope. Even after the discovery of the germ cells, 
there were two schpols of thought: (1) the ovists believed 
that \he embryo was preformed in the egg; (2) the spermists 
believetl that it was preformed in the sperm and that the 
female simply nourished it until it was developed. This tiny 
individual was called a homnneubis (L. dim. of homo, man), 
or little man (Fig. 44G). From this it will be seen that the 
theory of preformation grew out of the belief that organisms 
were encased in either the egg or the sperm. It was not 
until 1875 that Herman Fol and Oscar Hertwig observed 
independently the sperm penetrate the egg of a sea urchin 
and the nuclei of the sperm and egg unite after this 
penetration. 

B. Types of Reproduction. 1. General. Account. —The principal 
types of reproduction arc illustrated in Figs. 447 and 448. There are 
two main types of reproduction, asexual and sexual, the difference 
between the two being the presence or absence of special sex cells or 
gametes. 

There are many types of asexual reproduction, the most important 
being listed below. The main f eature of sexual reproduction is gam ete 
formation in special sex organs or gonads, though there a re some excep - 
ri ons. The gametes may be alike, isogametes ^G r. isos^ alik^, or they mav 
be ditferent, heterogametes (Gr. heteros, other). Heterogametes occur in 
t he higher plants and animals as eggs and sperm. Usuallv a fusion of 
t wo gametes must take place before a new individual d^^v^lop. 

-^^f^sEXUAL Reproduction, a. Fission. —^No type of reproduction 
is simple, but the least complicated type, that of binary fission, occu rs 
among one-celled plants and anim als (pag es 182 and 268). When these 
or ganisms reach a certain size, they divide into two or more daughte r 
cells as in Protococcus (page 183) and Amoeba (page 272). 



Fis. 446. 
—The homun¬ 
culus. Human 
sperm ceil 
containing a 
miniature or¬ 
ganism, ac¬ 
cording to 
Hartsoeker, 
1694. See 
text. 
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6. Budding ,—Reproduction by budding occurs in both plants and 
animals. One of the simplest types is that of yecutts (page 193). A bud 
appears at the side of the cell; this increases in size and finally may 
separate from the mother cell; or the cells formed by budding may remain 
together, forming a sort of branching chain. An interesting variation 
is the internal budding that occurs in certain sponges. The resulting body, 
a gemmule (L. gemma, a precious stone; bud), forms a wall around itself 
and drops to the bottom of the pond. In this condition, it can withstand 
drying, cold, or heat (page 293). 

Budding also occurs in Ilrjdra (page 298) and in other coelenterates; 
it also takes place occasionally in the higher forms such as the fresh¬ 
water worm, Nais, and even among the primitive chordates, such as the 
colonial tiinicates. 

c. Regeneration ,—^The word regeneration (L. re, again; generare, to 
beget) means literally to grow again. Reproduction by regeneration is 
the growth of a complete organism from one of its parts, as by cuttings 
of geraniums and other plants or from leaves of certain plants, as the 
Begonia and Bryophyllum (Fig. 55). In Begonia, roots develop at the 
ends of veins, whereas a new plant develops at every notch in the leaf of 
Bryophyllum, The growth of plants from cuttings, runners, bulbs, root¬ 
stocks, tubers, and the like (Chaps. IX and X) is asexual reproduction, 
often called vegetative reproduction. 

Animals also possess remarkable powers of regeneration; a starfish 
will grow from a part of the central disk and often regenerates lost 
arms (Figs. 248 and 447G). Planaria, Hydra, even the earthworm may be 
cut in pieces and a whole animal will grow from a piece. 

A certain amount of regeneration takes place in all living things. 
The lower in the scale of life the organism is, in general, the greater 
its ability to regenerate lost parts. Even in man, wounds heal over by the 
regeneration of cells. But lost parts, such as an arm or a leg, do not 
regenerate as a whole. 

d. Grafting, (1) In plants. —Grafts may be made in several ways, 
but the fundamental principle is the same. A twig, or cion, is cut from 
a tree and inserted in a cleft made in the stem of another plant, the stock, 
in such a way that the cambium of the cion and stock will grow together 
(Fig. 449). The stock is usually a less desirable variety of plant but more 
hardy. For example, many choice roses are grown on the hardy wild-rose 
stock. Since the cion takes only water and minerals from the stock, its 
character does not change. 

(2) Gbafting in animals. —One earthworm may be made of several 
grafted together, or several pieces of Hydra may be grafted together 
and grow as one. This type of grafting is of no practical importance, but 
in modem surgery, marvels of skin and bone grafting are performed every 
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day. When an individual is badly burned, the skin from one part of the 
body is grafted over the burned area. It will grow and furnish protection 
while the area from which it was removed regenerates new skin. To some 
extent, bone may be grafted so as to replace that lost by accident or 
disease. 

e. Spore Formation, (1) In plants. —Many of the lower organisms 
produce spores from which new organisms are produced. Spores may be 
formed from parts of plants, or even whole bodies. The simplest type of 
spore formation occurs when a cell secretes a wall around itself and the 
protoplasm breaks up into a number of cells (page 184). After a time, the 
cyst wall breaks down, and the spores are liberated. If they fall in a 
favorable place, each spore will produce a new plant. vSpecial spore cases, 
sporangia, are formed in bread mold (page 192), mosses (page ^4), and 
ferns (page 207). 



euo grafting 



CLEFT GRAFTING 



STOCK 


C stem grafting 

Fig. 449.—^Three types of grafting—bud^ cleft, and stem. (3. F. Edwards.) 


(2) In animals. — Sporulafion in animals is best observed among the 
Protozoa. The class Sporozoa is so named because the animals making 
up this class form spores (Fig. 447J). Perhaps the easiest way to obtain 
animal spores for observation is to look for Monocystis (a gregarine) 
spores in the seminal vesicles of the earthworm. If these seminal vesicles 
are crushed and some of the material examined under the microscope, 
usually some spores of Monocystis will be found. 

/. Resting Cells, —Resting cells arc often called spores but are not to be 
confused with them. A good example of a resting cell is that of Vaucheria 
(green alga), A cell is cut off from the end of a filament. This secretes a 
wall around itself and passes into a resting state, in which it is able to 
resist unfavorable conditions, such as drying, cold, and heat. 

g. Parthenogenesis. (1) Natural parthenogenesis. —^The eggs 
of certain plants and animals develop normally without uniting with 
sperm. This is known as natural parthenogenesis. It occurs in certain 
Fungi, in rotifers (page 328), and in plant lice (aphids). In the water flea, 
Daphniay the females lay parthenogenetic eggs during the warm weather. 
These all develop into females. After several generations of females 
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have been produced in this way, both males and females appear. The eggs 
of this generation of females must be fertilized by sperm from the males. 
These become the winter eggs. They have thick shells and are able to 
withstand unfavorable conditions, such as drying, cold, etc. When 
conditions become favorable in the spring, females develop from winter 
eggs, and these, in turn, produce parthenogenetic eggs, thus repeating 
the cycle. 

(2) Artificial parthenogenesis. —Certain eggs that ordinarily 
develop only after having united with sperm can be stimulated to develop 
without fertilization by subjecting them to such agents as heat, electricity, 
X rays, and certain chemicals, particularly the salts of potassium and 
sodium. In some cases, pricking or shaking is all that is necessary. Not 
all eggs will develop in this way. Among plants, the eggs of some Algae 
and a fern, Marsilia^ can be stimulated to development by artificial 
means. 

Among animals, frog eggs will develop after being pricked with a 
needle; sea urchin and starfish eggs (page 355) require only a good 
shaking. In 1900, Jacques Loeb, by changing the content of sea water 
(page 355), obtained free swimming larvae of the sea urchin. Before that 
time, Meade had been successful in causing the development of annelid 
eggs by artificial means. Since then many methods have been successfully 
employed in stimulating parthenogenesis. The exact cause of the develop¬ 
ment of eggs is not known. However, since in normally fertilized eggs 
oxidation increases greatly, it may be that this is a factor in the par- 
thenogcnetic development of eggs. 

y3,^EPRODUCTiON WITH Sex. a. Conjugation.—Paramecia may form 
a t^porary imion during which micronuclei are exchanged (p, 281). 
This is conjugation. In the conjugation of Spirogyra, certain cells of 
one filament fuse with cells of another filament (page 183). New indi¬ 
viduals arise from these zygotes. Conjugation is especially common 
among the ciliated Protozoa. Sonneborn and others have found that the 
conjugating Paramecia are of different mating types (page 280). 

h. Gamete Formation. —Gametes are sex cells that may be alike so 
far as the eye can see; or they may be so different that the two types 
are easily recognized. In the case of sexual reproduction, one gamete 
cannot form a new organism except under special conditions; it must 
fuse with another gamete. 

(1) IsoGAMETES. —^Examples of gametes that are alike, isogametes, 
are to be found among the lower organisms (page 182). In Chlamy- 
domonas^ in addition to asexual reproduction, the contents of the body 
of a single individual may divide to form a number of small bodies, which 
are isogametes (Fig. 447if). Two isogametes must fuse to form a zygote 
before a new individual is reproduced. 
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(2) Heterogametes. —Even among the simple Algae, gametes of 
diflFerent sizes, or heterogametes^ may be found (page 184). They are often 
called anisogametes (gr. an, not; isogamete). 

c. Hermaphrodites. —Among many plants and some animals, both 
male and female sex organs are normally in the same individual organism. 
Examples of this kind are Hydra viridis (page 203), in which the testes are 
located near the anterior and the ovaries near the posterior part of the 
animal. The sperm are shed in the water, find their way to the egg, and 
fertilization occurs. The earthworm also contains a complete set of male 



Fis. 450 I.—Flowers of the tuns oil tree. Aleurites fordi. Pistillate, or female, flowers above; 
staminate, or male, flowers below. (Courtesy of Florida Asricultural Station.) 

and female reproductive organs, although copulation takes place and 
cross-fertilization is the rule (page 341). A few cases of hermaphroditism 
occur among the vertebrates, such as the hagfish. Since the spermatozoa 
and the ova are ripe at different times, cross-fertilization occurs here, 
also. 

d. Plants with Separate Sexes. —In some plants and most animals, 
individuals are either male or female {dioecious). In many plants, the male, 
or staminate, flowers and the female, or pistillate, flowers are borne on the 
same plant {monoecious). This is true of the corn (Fig. 109) and tung-oil 
plants (Fig. 450) and many others. Cross-pollination often takes place in 
ttis type of plant (page 164). When staminate and pistillate flowers are on 
different plants, obviously seU-poIUn^tion cannot take place (page 164)* 
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Examples of this type of plant are the willow and the holly. In the corn, 
the staminate flowers are borne on the tassel, whereas it is from 
the pistillate flowers that the ear develops. The styles in this case are the 
long silks (Fig. 109). If some of the corn grains are not filled out, the 
flower has not been fertilized, and hence the endosperm, or reserve food 
supply for the embryo, has not developed. (For details of double fertiliza¬ 
tion in plants, see pages 167 and 705.) 

e. Animals with Separate Sexes. (1) The invertebrates. —In an 
earlier chapter (page ^99), Hydra was said to be hermaphroditic, and 
most of them arc. However, in one species, 11. oligactis^ the sexes are 
separate; the individuals are cither male or female. In the crayfish 
and the grasshopper, as well as other animals with separated sexes, the 
male contains a pair of testes for the production of sperm; the females 
have a pair of ovaries for the production of eggs. In the females of the 
crayfish and grasshoppers, there is present a seminal receptacle for the 
reception of the sperm. They are stored here until the eggs pass out of 
the body, at which time fertilization takes place (pages 385 and 402). 

Starfish (echinoderms) are either male or female, two gonads being 
present at the base of each arm. The animals shed their eggs and sperm 
into the w ater, w^horc fertilization takes place. 

Mollusks are usually either male or female, although a few are her¬ 
maphroditic. When the eggs of the fresh-water mussel are shed (page 364), 
they become attached to her gills. The sperm shed in the water by the 
male are carried into the mantle cavity of the female in water through 
siphons. Fertilization occurs in the mantle cavity. The development 
of the larvae (glochidia) and the later development of the mussels are 
described on page 365. 

(2) Vertebrates, (a) General Account.—In the vertebrates, the 
reproductive processes become more complex in passing from the lower 
to the higher forms. Yet the essentials of reproduction are the same. In 
the males, the sex organs are a pair of testes, in which sperm are produced, 
a pair of sperm ducts, vasa deferentia, and certain accessory glands. The 
testes may be inside the body cavity or outside. In the females, except 
in birds, two ovaries, in which eggs are produced, and two oviducts 
carry the eggs to the outside (or to uteri). 

Fertilization usually takes place within the body of the female in the 
higher vertebrates. In most animals, a sexual cycle is present. The mating 
time for birds and many other wild animals is in the spring. Among 
animals that breed during the entire year, sperm may be present at all 
times in the male, but the egg cells of the female mature and are dis¬ 
charged periodically. 

(b) Fish,—Many fish lay their eggs in the water, the males fertilizing 
them by spreading sperm over them. The parents then swim away, and 
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the fertilized eggs develop without further care. Certain fish, however, 
build nests that are guarded, usually by the male. In some cases, the 
nest is simply a depression in the ground, but the common stickleback 
builds a real nest (Fig. 308). The salmon migrate to the sea to spawn 
(Fig. 508), and the eels migrate from the fresh water to the sea (page 775). 
The word spaivn (L. expandere^ to spread out) has several meanings. It is 
used here to mean the shedding of eggs and sperm. 

If the eggs are hatched outside the body of the mother, the animals 
are said to be oviparov.s (page 464); if they are held in the body of the 
mother until hatching, yet have no direct union with the mother, they 
arc said to be ovoviviparous (page 464); if there is a direct connection willi 
the mother, as in the case of mammals, the young are brought forth 
alive, and the animals are said to be viviparous (page 504). 

(c) Amphibia.—Practically all the Amphibia lay their eggs in water. 
In the spring, masses of frog eggs arc present in fresh-water pools or 
ponds. Toad eggs are laid in strings (Fig. 313). When the breeding season 
arrives, toads migrate to the water to lay. During the breeding season, the 
male frogs can be distinguished from the females by the thickened thumb 
(Fig. 1625). Although fertilization is external, frogs as well as toads mate 
in pairs. As the female lays her eggs, the male spreads sperm over them. In 
the water, the jelly around the eggs swells and forms a protective cover¬ 
ing; it is also said to protect the eggs from the cold. Eggs of the frog and 
toad are easily collected, and the whole process of development may be 
observed in a jar or an aquarium. A detailed diagram of the male and 
female reproductive systems of the frog will be found on pages 257 et seq, 

(d) Reptiles.—Reptiles breed on land. Fertilization occurs in the 
body of the female. Turtles and alligators lay their eggs in nests and pay 
no further attention to them. These eggs have a large yolk and a leathery 
shell. Some snakes are oviparous and some ovoviparous (pages 464 and 
465). The green snake hatches from an egg outside the body of the mother 
(Fig. 319), and the young of the garter snake and the water snake are 
born alive (Fig. 318). 

(e) Birds.—All birds are oviparous (page 490). The male birds have 
the usual vertebrate sex organs, i.e., testes, sperm ducts, and accessory 
glands. The female is peculiar in one respect. During development, the 
right ovary disappears, and only the left ovary and the left oviduct 
remain. The eggs break out of the ovary and enter the oviduct. As they 
pass down the oviduct, they receive the “white” of the eggs, an albumi¬ 
nous substance secreted by the walls of the oviduct. Further down in the 
duct, they receive a double, parchment-like membrane. This is easily 
peeled off in a hard-boiled egg. Finally, just before it is laid, the shell, 
secreted by a shell gland in the lower part of the oviduct, is added 
(Fig. 335). 
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The sperm are transferred from the cloaca of the male to the cloaca 
of the female. These then make their way to the top of the oviduct 
and the eggs are fertilized just before they receive the jelly-like coat or 
‘‘white.’^ Fertilization takes place in such a bird as the pigeon about 
41 hours before the egg is laid. 

(f) Mammals.—The lowest group of mammals are the egg-laying 
monotremes. Although these animals lay eggs, they nourish their young 
with a sort of milk. In all other mammals^ the young develoj^ inside of the 
body and are brought forth alive. The mammal egg is very small, almost 
microscopic, in some cases. It contains little yolk, and so the young 
developing embryo is nourished by the mother. 

Figure 448 shows the reproductive organs of the cat, and Fig. 450^1 
those of man. The testes, formed in the abdominal cavity, migrate to a 
sac, the scrotum, either before or just after birth. Seminiferous tubules 
in the testis unite to form an epididymis, which leads into a duct, a vas 
deferens, and this joins the duct of a seminal vesicle. The ducts from the 
seminal vesicles unite to form the ejaculatory duct. Sperm from the testes 
and secretions from the seminal vesicles, Cowper’s glands, and the 
prostate make up the semen or seminal fluid. The relations of all these 
parts are shown in Fig. 450.4. 
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Fis. 450 If.-^^^Iasram of reproductive organs of man. (A) Female. (B) Male. 


In the female cat, the eggs cells mature periodically in the two ovaries. 
When fully grown, the eggs are discharged from the ovary into the body 
cavity. From here they find their way into the oviducts, where fertiliza¬ 
tion takes place. The fertilized eggs pass from the oviducts into the two 
uteri and become implanted in the uterine walls. The placenta is an organ 
developed by mammals for taking care of the exchange of materials 
between the mother and the developing ofltspring (page 694). The two 
uteri in the cat unite to form a single vagina, a canal that leads from the 
uterus to the exterior. . 

In the primates, including man, ova ripen at intervals of about 4 
weeks, one, rarely two, being matured at the same time. They find their 
way into the oviduct (Fallopian tube) after breaking out of the ovary 
into the body cavity. If fertili^tion occurs, it takes place in the tube, and 
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development begins at once. It now moves on into the single uterus and, 
after several days, being of a size seen with difficulty, it embeds itself 
in the walls of the uterus. The uterus opens through the cervix into the 
vagina. 

In man, as well as in the other mammals, there is great difference in 
the size of the male and female germ cells (Fig. 459). (For development 
of the embryo, see Chap. XLIII.) 

/. Paedogenesis ,—Paedogenesis is the reproduction by immature or 
larval stages of animals. It is characteristic of some insects (gall midges of 
the genus Miastor). A classic case is that of the Mexican axolotl (page 
459), which reproduces its kind without undergoing metamorphosis or 
losing its gills. It will be recalled that this form, under suitable conditions, 
metamorphoses and becomes an Amhystoma, 

4. Alternation of Generations. —Alternation of asexual and 
sexual generations is almost universal in plants. It is very common among 
the mosses (page 202), the ferns (page 206), as well as in certain animals 
such as Ohelia (page 302). In certain parasites, there may be one or more 
hosts involved in the life cycle. For example, the asexual cycle of the 
human malaria parasite lives in man, and the sexual cycle develops in the 
Anopheles mosquito. For a comparison of the differences in the life 
cycles of plants and animals, see Fig. 463, page 709. Note that in plants 
the sexual generation (gametophyte) is usually haploid, whereas in most 
animals both generations are diploid. 

Questions 

1. Discuss some early theories of reproduction. 

2. IIow may grafting be useful to a fruit grower? 

3. Discuss regeneration in plants; in animals. 

4. Name some organisms that reproduce by budding; by binary fission; by spores. 

6. Discuss hermaphroditism in plants and animals, giving the method of reproduction and 
examples of each type. 

6. Distinguish betw’een the types of gametes. Why is a spore not a gamete? 

7. If eggs have some protection when laid, is it necessary for a great number to be pro¬ 
duced in order to ensure the continuance of the race? 

8 . Distinguish between oviparous, ovoviparous, and viviparous, giving examples of each, 

9. Compare reproduction in fish and Amphibia; reptiles and birds. 

10. What types of mammals lay eggs? 

11. Give a general account of reproduction in mammals. 

12. Define: paedogenesis, hermaphroditism, natural parthenogenesis, artificial partheno¬ 
genesis, placenta, marsupial. 



CHAPTER XLin 

DEVELOPMENT OF THE INDIVIDUAL 


All that happens is as usual and familiar as the rose in spring and the crop in 

summer. 

- MAiirtTs Attkeltus. 

The development of the egg is not a haphazard growth but consists of 
an orderly series of changes. As development proceeds, definite structural 
features make their appearance, each typical of the kind of organisms 
that produced the egg. Wlien the lower plants and animals reproduce 
themselves by binary fission, no such development of the individual 
occurs as in the higher plants and animals; each daughter cell resembles 
its parents except in size. 

I. Development in Plants 

A. The Fertilized Egg. 1. Development of the Kndospeiim and 
Embryo. —The double fertilization that occurs in higher plants has been 
referred to several times (page 167). The fruit and seed come from the 
flower. Before these can develop, however, the egg must go through a 
series of stages leading to this development. As soon as the endosperm 
nucleus is fertilized, it begins to divide and so forms the endosperm; at the 
same time, the fertilized egg, now the zygote, begins to divide. The cells 
derived from the egg organize themselves into three distinct regions: (1) 
the region from which the seed leaves or cotyledons develop; (2) a region 
from which the plumule, which grows between the seed leaves, develops; 
(3) a region of the hypocotyl, which gives rise to the j)rirnary root (Fig. 
122). The cotyledons disappear shortly after the seed germinates, whereas 
the plumule gives rise to stem and leaves. (For details of these events, as 
well as description of further development in plants, see Chap. XIII.) 

2. Fatpj of the Endosperm. —Sometimes, as in the bean, the embryo 
absorbs most of the endosperm and stores it in the cotyledons (page 178); 
in other cases, the endosperm is crowded around the embryo, as is the 
case in the castor bean (page 176), and the embryo remains thin. 

3. Changes in the Ovule. —While all these events are taking place, 
the ovule enlarges, and a hard coat is formed from the coverings of the 
ovule. Thus the fertilized ovule becomes a seed. In most cases, no further 
growth takes place at this time, and the seed remains dormant until 
conditions are right for germination. 
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4. Fruits. —^The fruit is formed from the ovary and accessory parts 
(page 167). In the apple, for example, the receptacle grows up around 
the ovary and forms the edible part of the apple. 

B. Germination of the Seed. —The embryo is already formed in the 
dormant seed, and enough food is stored up there to enable it to begin 
to grow again. The two essentials for germination are water and proper 
temperature. (For the events of germination for several types of seeds, 
sec pages 173 178.) 

After germination, the plant establishes root, stem, and leaves. It 
grows until it reaches maturity and then produces flowers, seeds, and 
fruits, thus completing the cycle. 

This g(ineralized account is what usually happens in the higher plants. 
In general the egg will not develop until the egg is fertilized. There are 
a few exceptions to this. 

II. The Early Development of Animals 

One of the most interesting facts in all biology is that certain stages 
of development may be traced from the lowly creatures to the lordly 
rulers of the earth. These stages can best be shown by a comparison of 
the early development of several types. 

A. Cleavage of the Egg. —The way in which an egg divides is asso¬ 
ciated with the distribution of yolk in that egg. 

1. lIoLOBLASTic Clkavagk.—W hen the yolk is distributed evenly 
through the egg, as in Amphioxus, it is said to be komolecithal (Gr. homoSy 
same; likithoa, yolk), and the type of cleavage is holoblastic, that is, 
total cleavage. Here the planes of cleavage cut all the way through the 
egg. This may be of two types, equal (Fig. 451) and unequal. 

2. Meroblastic.—E ggs like the hen’s egg have a large amount of 
yolk concentrated at the vegetal pole. This type of egg is telolecithal 
(Gr. teloSy end; likithos, yolk). The planes of cleavage do not cut all the 
way through the egg, and this results in a disk of cells at the animal pole. 
The cleavage is termed discoidaly or meroblastic (Fig. 452*1). 

3. Superficial. —In insect eggs, the yolk is concentrated in the 
center of the egg. The type egg is centrolecithal (Gr. kentron, center; 
likithoSy yolk). The egg nucleus divides and moves to the periphery. 
Here cell walls form around the nuclei, and there is a superficial layer of • 
cells; hence the name for the type, superjieixil cleavage (Fig. 4535). 

4. Spiral. —In mollusk eggs, the cleavage planes alternate with each 
other in such a way that a spiral of cells is formed. For this reason, the 
type cleavage is called spiral cleavage. 

Each cell resulting from cleavage is a blastomere (page 259). The 
blastomeres do not separate but remain together. Since a group of blasto- 
meres often resembles a mulberry, the name inorvla (L. morumy a mul- 
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berry) is often used to describe the state of the egg during the early 
cleavage stages. 


FERTILIZED 

EGG 






BLASTULA 

(hollow ball stage) 



3 LAYERS 
FORMING 


Fis. 451.—DiagrAms to illuttratc holoblastic cleavage of a fertilized egg, and the formation 
of the three germ layers, ectoderm, entoderm, mesoderm. From these three layers all tissues 
and organs develop. For other types of cleavage, see Fig. 452. (Adapted from models of 
the development of Amphioxus by L. Runyon.) 




Fig. 452.—Types of cleavage. (A) Discoidal cleavage of a squid egg. (B) Superficial cleavage 
of an insect egg. For holoblastic cleavage, tee Fig. 451. (After Hegner.) 


B. The Blastula (page 259).—^As development proceeds, a cavity 
appears in the center, of the egg. The egg now resembles a hollow ball and 
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is the blastula (page 259). The layer of cells on the outside is called the 
blastoderm (Gr. blastos, sprout; derma, skin), and the cavity within is 
called the cleavage cavity, the blastocoel (Gr. blastos, sprout; koilos, a 
cavity), or segmentation cavity (Fig. 46IG). 

C. The Gastrula (page 260).—When a typical blastula has reached 
its full size, in some cases it becomes invaginated, much as one might push 
in the side of a rubber ball with a finger (Fig. 451//). This is the beginning 
of the formation of the gavStrula. As this process proceeds (gastrulation), 
the cleavage cavity becomes obliterated (Fig. 451/), and a new cavity is 
formed, the primitive digestive cavity or archenteron (see page 260 and 
Fig. 451/). 

Gastrulation does not always proceed according to this plan. Many 
modifications appear in various animal groups. But at the end of gastru¬ 
lation there are two layers of cells present, the ectoderm and the endoderm. 

D. The Germ Layers and Their Derivatives.—The gastrula is two- 
layered, ectoderm on the outside and endoderm on the inside. This stage 
is suggestive of those organisms like Hydra and other coelenterates, which 
possess two layers, the diploblastic animals (page 294). The higher 
animals are triploblastic, the third layer being the mesoderm (page 312). 

1. Formation of the Mesoderm. —^The method of the formation 
of the mesoderm varies considerably with different organisms, but in all 
vertebrates two sheets of mesoderm tissue are formed, an outer layer, 
next to the ectoderm, the somatopleure (Gr. soma, body; pleura, side), or 
somatic mesoderm, and an inner layer associated with the developing 
gut from the endoderm, the splanchnopleure (Gr. splanchnon, gut; pleura, 
side), or splanchnic mesoderm (Fig. 453). Between the outer layer and 
the ectoderm loose cells (mesenchyme) fill in the space, and between the 
inner layer and the gut the same sort of cells fill that space. The space 
between the two layers of mesoderm is the future body cavity 
or coelom. 

2. Formation of Tissues from the Three Primary Germ Layers. 
In summarized form, the tissues are derived as follows: 

a. Ectoderm, —Nervous tissues, the skin and its appendages (hair, 
nails, enamel of the teeth, etc.), and certain parts of the lining of the 
mouth, nose, and anus are formed from the ectoderm. 

b. Endoderm. —The lining of the alimentary canal, except the extrem¬ 
ities that are ectoderm, the lungs, trachea, liver, thymus, thyroid (page 
261). All these organs have much mesodermal tissue in them, also. In 
some of the lower chordates, the notochord is from the endoderm. 

c. Mesoderm, —From the mesoderm come all the connective tissues, 
the blood, the vascular system, the skeleton, the muscles, the excretory 
and reproductive systems, the derma of the skin and, frequently, the 
notochord (page 689). 
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E. The Embryonic Membranes. 1. Functions. —The function of 
the embryonic membranes are protection of the embryo from mechanical 
injury and the taking care of physiological processes of respiration, 
excretioTiy and nutritioriy during development or until the organs that later 
take over these functions arc developed. 

A knowledge of how these membranes develop sheds some light on 
the evolutionary history of animals. Embryos that develop in water 
do not have, nor do they need, membranes other than egg membranes. 
In these forms, exchange of gases and the elimination of wastes take 



MUSCLE SEGMENT 

SPINAL CORO 
MUSCLE TISSUE 

skeletal tissue 

DIGESTIVE 
TRACT 

COELOM 

Fis. 453.—Stereosram to illustrate the formation of the mesoderm^ coelom, spinal cord, 
disestlve tract, etc. (F. A. Baker.) 

place directly; the oxygen they need is dissolved i:i the water and the 
water takes away the wastes eliminated through the egg membranes. 
As an adaptation for living on land, however, a new “setup’’ was elab¬ 
orated; i.e.y an elaborate set of membranes was developed for protection 
and for taking care of the metabolism of the developing organism. 

2. Amnion and Chorion. —^These are hot found in the Amphibia. 
Beginning with the reptiles, they are found also in birds and mammals 
(Figs. 337 and 455), Their method of origin is easily imderstood from the 
study of a hen’s egg. Folds of somatopleure grow up over the embryo; 
they are the head fold, the tail fold, and the lateral folds. These meet and 
fuse and so form an inner membrane enclosing the embryo, which is the 
amnion^ and an outer membrane, the chorion. The cavity between the 
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embryo and the amnion is the amniotic cavity; that between the chorion 
and the amnion is the chorionic cavity. From the way it was formed 
(Fig. 455), it will be seen that the inner tissue of the amnion is ectoderm 
and the outer tissue, mesoderm, whereas in the chorion, the inner tissue 
is mesoderm and the outer tissue, ectoderm. In the higher animals, the 
amniotic cavity fills with fluid. This has a shock-absorbing function, 
besides keeping the embryo moist. 

3. The Yolk Sac. —In forms having eggs with a large amount of 
yolk, the blastoderm grows down over the yolk, enclosing it. The inner 
layer of this yolk sac is endoderm, and the outer layer is mesoderm. The 
yolk sac soon becomes well supplied with blood vessels, and the blood 
in these vessels absorbs and transports the food from the yolk to all parts 
of the developing embryo. In the higher animals, a yolk sac is formed 
but because of the formation of a placenfay it does not play as important 
a role as it does in the birds. 

4. The Allantois. —Reptiles, birds, and mammals develop a fourth 
membrane, the allantois. It develops as an outgrowth of the hind-gut; 
its tissues are therefore the same as those of the gut, endoderm inside and 
mesoderm outside. It grows out into the extraembryonic cavity and be¬ 
tween the amnion and the chorion. In reptiles and birds, it is well supplied 
with blood vessels and serves as a respiratory membrane. The allantoic 
cavity serves as a reservoir for wastes from the kidneys, and its walls 
assist in the absorption of albumen. Because of the development of a 
placenta in mammals, the allantois, though present in the very early 
stages, is not the important organ it is in reptiles and birds (page 466). 

F. Formation of the Embryo. 1. General Account. —In the forma¬ 
tion of the gastrula, the old cavity of the blastula is obliterated, and a 
new cavity, the primitive archenteron, is formed. This opens to the outside 
through the blastopore (Gr. hlastosy bud; poros, passage). As the embryo 
elongates, there is a fusion by a backward growth of the blastopore, 
forming a primitive streak (Figs. 403 and 453). This is a sort of landmark 
in embryonic development. Anterior to this, the ectoderm in the dorsal 
region begins to thicken to form the neural plate. This sinks a little in 
the middle, and the edges begin to roll up to form the neural folds. These 
grow and finally meet, the edges fusing to form the neural tube (Fig. 
403). In later development, the neural tube differentiates into the brain 
and spinal cord. While this is happening, a long, rod-like notochord has 
formed under the neural plate (Fig. 453). In the lower chordates, some¬ 
times this is from the endoderm; in the higher animals, it appears to be 
from the mesoderm. 

In the meantime, the lateral folds appear in the endoderm; these 
meet and fuse a part of the way to form the gut (Fig. 453). The amount 
of closure of the gut depends upon the amount of yolk in the egg. Meso- 
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derm grows around the endoderm of the gut. In forms like Amphioxus, 
there is little yolk, and the ventral body wall is completed early, the yolk 
being carried in the body. On the other hand, the bird’s egg has much 
yolk, and the yolk sac is drawn in shortly before hatching. After the parts 
of the embryo are established, development proceeds according to the 
pattern of the animal. 

Practically all animals pass through the stages here outlined, though 
many modifications occur in different species. When one thinks of the 
varieties of eggs and the varieties of animals that develop from them, it 
seems quite remarkable that early development is so similar in them all. 

2. Invertebrates, a. Hydra, —The egg of the Hydra undergoes the 
early stage of development while attached to the body of the parent 
(see page 329, and Fig. 207) cleavage is holoblastic and the blastula is a 
hollow sphere. Formation of the gastrula is somewhat different from that 
of Amphioxus, The cells of the blastula divide and drop into the cavity 
of the blastula, forming a more or less irregular mass of cells within, 
which becomes the endoderm. The outer layer of cells is the ectoderm. 
The gastrula now elongates, a mouth appears at one end, and arouml 
this a circle of tentacles develops. The endoderm cells arrange themselves 
so as to line the cavity of the Hydra^ and between the ectoderm and the 
endoderm the mesoglea, a noncellular layer, is formed (page 291). The 
young Hydra soon grows to adult condition. 

h. Earthworm, —The eggs of the earthworm are fertilized in the co¬ 
coon (page 343). Development of the blastula and gastrula differs some¬ 
what from the general plan shown in Fig. 451. Cleavage is holoblastic but 
unequal and continues until a hollow sphere, the blastula, is formed. 
This invaginates to form the gastrula, the ectoderm being on the outside 
and the endoderm on the inside. In the earthworm, the third layer, the 
mesoderm, a cellular layer, develops from two cells called mesoblasts (Fig. 
238). From these three layers of cells, the young worm develops. 

c. Crayfish, —Early development of the crayfish is more specialized 
than in Hydra and the earthworm. The eggs, when laid, are attached to 
the swimmerets of the mother (page 384); cleavage is superficial; the 
eggs are filled with yolk, and the cells form a single layer, which surrounds 
the yolk. The formation of the germ layers in the crayfish is very com¬ 
plicated and the process very specialized. 

3. The Vertebrates, a. The Frog, —A short account of the 
development of the frog will be found on pages‘257-263. 

(1) Cleavage. —When the sperm enters the frog egg, streaming 
movements are set up that result in the distribution of materials. Three 
regions can now be seen, an upper animal hemisphere, which is pigmented, 
a yellowish-white vegetal hemisphere, and a gray crescent, with little 
or no pigment. The gray crescent lies approximately opposite the entrance 
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point of the sperm. The first cleavage plane (holoblastic) usually bisects 
the gray crescent so that bilateral symmetry is established at this time. 
The second cleavage plane is at right angles to the first, and four equal 
cells are formed. After the third cleavage, however, the cells in the animal 
hemisphere are smaller. They have less yolk and divide more rapidly 
than the cells in the vegetal hemisphere. 

(2) Blastula and ciASTRULA. —The large amount of yolk in the 
frog egg influences the formation of the blastula and the gastrula. From 
the eight-celled stage on, there is a cavity in the dividing egg. As develop¬ 
ment proceeds, a hollow ball, the blastula, is formed with the cavity 
in the animal hemisphere. The roof of the cavity is of small cells and the 
floor is of large cells (Fig. 177). 

Gastrulatwn is modified by the large amount of yolk in the cells 
of the vegetal region. I'he germ ring is an equatorial belt of pigmented 
cells having a high division rate. This leads to an overgrowth of cells over 
the vegetal hemisphere ))y the process of epiboly (Gr. epibole^ a throwing 
upon). A crenceniric depression^ caused by the inturning of cells at the 
pigmented border of the gray crescent appears. This invagination, or 
ingrowing of cells, is conditioned upon the fact that the cells at the dorsal 
margin of the depression have a high division rate. This dorsal margin 
is the dorsal lip of the blastopore. The process of inturiiing spreads 
rapidly from the dorsal margin or lip until it eventually involves all of 
the margin of the germ ring. The vegetal cells are gradually enclosed 
until only a small light area is visible, the yolk plug. The lips of the germ 
ring are now the lips of the blastopore. As invagination and shifting of 
cells continues, the blastula cavity decreases, and the archenteron is 
established (Fig. 177). With the formation of the blastopore, gastrulation 
is completed. 

(3) Formation of the mesoderm and the notochord. —Before 
gastrulation is completed, the formation of the mesoderm and the noto¬ 
chord begins. Where the ectoderm and the endoderm meet, at the rim 
of the blastopore, cells arise and grow in between the ectoderm and the 
endoderm. The notochord is formed from cells that grow inward from the 
dorsal part of the rim of the blastopore; mesoderm, is formed from cells 
that grow inward from the sides of the blastopore. The mesoderm 
encloses the entire mass of endoderm. Later, a cavity (Fig. 177) separates 
the mesoderm into two sheets (see below); this cavity is the coelom. 
With the establishment of three germ layers, the formation of the 
archenteron, the notochord, and the coelom, the period of early develop¬ 
ment of the embryo is accomplished. 

(4) Later development of the embryo. —All organs and tissues 
are formed from the three germ layers. (For a list of the derivatives of 
the three germ layers, see page 261.) During late gastrulation, a plate of 
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ectoderm cells, the medvUary plaie^ is differentiated upon the dorsal 
surface of the embryo. The middle of this sinks a little (medullary groove) 
while the edges roll up, meet, and fuse to form the neural tube (Fig. 403). 
Later, the brain and spinal cord develop from this. During the closure of 
the neural tube (fusion of the neural folds), some cells arc left under the 
superficial ectoderm. They form the neural crest, and from it other parts 
of the nervous system develop. In the meantime, the endodermal enteron 
is developing further. At its anterior end, a slight depression, the stomo- 
deurn, the future mouth region, appears and at the posterior end a slight 
depression, the future anal region, the 'proctodeum, develops. Both of these 
are lined with ectoderm. The respiratory system develops in the pharyn¬ 
geal region; the liver and pancreas are outgrowths of the archenteron 
and are lined with endoderm. From the dorsal mesoderm, the muscles 
and the skeleton take their origin; from the intermediate mesoderm, the 
excretory and reproductive systems are developed; as mentioned, the 
lateral mesoderm splits into an outer layer, lying next to the ectoderm, 
and an inner layer next to the endoderm. Between these two layers is tlie 
body cavity or coelom (page 344). 

The sense organs develop either as ingrowths from the ectoderm 
which connect with the central nervous system, or as outgrowths from 
that system, or in both ways. 

Formation of the eye occurs when the divisions of the brain have been 
established. A pair of hollow outgrowths from the forebrain expand into 
the optic vesicles (Fig. 403). These remain attached to the brain by the 
narrow, hollow^ optic stalks. The optic vesicles grow out toward the ecto¬ 
derm on each side of the head. When they reach the ectoderm, they 
flatten and the outer cells fold in, forming the optic cups, the inner layer 
of cells becoming the retina. The external ectoderm over these cups now 
thickens and invaginates to form the crystalline lens (Fig. 454). The lens 
will not form if the optic vesicles do not come in contact with the exter¬ 
nal ectoderm and stimulate it in some way. 

The ear begins as two thickenings, the auditory placodes, in the super¬ 
ficial ectoderm, one on either side of the hindbrain (Fig. 454). These 
patches invaginate and form pear-shaped vesicles which open on the 
surface of the body. In the frog a part of this canal persists as the endo¬ 
lymphatic duct. The vesicles undergo changes and the characteristic 
parts of the ear develop. The middle ear is developed mainly from the 
first giU pouch. 

Olfactory organs appear as two patches of thickened ectoderm just 
in front of the neural tube. These invaginate to form the olfactory pits. 
and then enlarge to form the nasal cavities. Certain cells of the ectoderm 
lining become sensory. 
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(5) The larval stage and metamorphosis. —At the close of 
embryonic development, the larval stage begins. Little tadpoles now 
appear that have some fish-like features. They breathe by external 
gills, but these are partly replaced by internal gills. Water taken into the 
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Fig. 454.—Th« development of a fish from one hour after fertilization of the egg to the stage 
of late embryo (yolk sac is sfill present). (Courtesy of Prof. A. N. Solberg.) 


mouth bathes these gills and then passes out through the operctduvi 
(page 261). Later, lungs are developed, and the tadpole must now come 
to the surface to breathe. The hind legs appear before the front legs do; 
the tail is resorbed; the long intestine becomes shorter; finally, all the 
tadpole features are lost, and the adult frog results. 
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Although the frog develops according to its own pattern, it resembles 
other vertebrate animals in its early development. There is great simi¬ 
larity in development of all vertebrate embryos (Fig. 513), especially 
in the early stages. Some remain alike longer than others, but each follows 
its own definite pattern of development. 

6. Fish. —Most fish eggs are laid in the water and fertilized there. 
In a few cases, however, the eggs are held in the body of the mother 
until they hatch {ovoviviparous)^ but they have no connection with the 
tissues of the mother’s body, and they are merely protected for a time. 
Development is the same as for fish eggs laid in the water. Fish eggs 
contain a large amount of yolk, w^hich is used for nourishment of develop¬ 
ing embryos. Cleavage takes place in a restricted area, the germinal disk 
(Fig. 454), and the large yolk remains undivided. It is later enclosed by 
cell layers from the embryo which form the so-called yolk sac. The forma¬ 
tion of the blastula and the gastrula is modified on account of the large 
amount of yolk. As the embryo develops, it becomes more separate fronr 
the yolk but remains attached to it by a narrow stalk (Fig. 454). The 
yolk decreases as it is used up by the fish, and by the time the yolk dis¬ 
appears, the fish is able to ingest its own food. 

c. Birds and Reptiles. —The eggs of birds and reptiles are fertilized 
internally. As they pass down the oviduct, they acquire certain envelopes; 
first the “white,” or albumen, then a double shell membrane, and finally a 
shell. Further development does not take place until the eggs are iir 
cubated. Figure 337 shows a hen’s egg after 1 day of incubation. 

Many reptile eggs hatch after being laid, but some are ovotriparous, 
as are the fish. All birds are oviparous; i.e.y the eggs hatch after being 
laid. Certain reptiles, such as the alligator, lay their eggs in decaying 
vegetation. Decaying vegetation generates a certain amount of heat and 
so facilitates the hatching of the egg. Some snakes protect their eggs by 
winding their bodies around them. Birds incubate their eggs by sitting 
on them and keeping them warm. 

As is the case with the fish, the method of cleavage and development 
is modified in birds and reptiles by the presence of a large amount of 
yolk. A protoplasmic disk on top of the yolk undergoes cleavage, and 
from this the embryo develops. The yolk does not divide. As in the case 
of the fish, a yolk sac grows around it. As the yolk is used up by the 
young chick, the yolk sac is drawn up, being <Jrawn inside the body the 
day before hatching. 

Even though the formation of the blastula and the gastrula is some¬ 
what obscured, these stages do occur. Figure 455^ is a diagram of the 
early stages in the development of the bird. This shows in a diagrammatic 
way how the protecting membranes, the amnion and the chorion, develop. 
These are entirely different from anything that occurs in the development 
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of the frog. The embryo is a flat plate of cells, lying on the yolk. Soon 
the edges of this plate begin to fold at each end of the body, and this 
folding continues until the two ends meet over the embryo and fuse. 
The embryo is thus enclosed in a sac. The amniotic sac of the higher 
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Fis. 455.~-The embryonic membranes. (A) One method of the formation of the mem¬ 
branes. (B. Shamos.) (B) The early development of a mammal. Note embryonic membranes, 
umbilical cord, and placenta. (From Wilder, History of the Human Body, Henry Holt and 
Company, Inc.) 

animals is filled with fluid that protects the young embryo from pressure, 
blows, etc., and keeps it moist. 

Everything that lives, whether embryo or adult, must obtain oxygen 
and get rid of wastes. The birds solve this problem by developing the 
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aUardois (Gr. aUas, sausage), a temporary organ of respiration and 
excretion. It is a sac-like outgrowth from the intestine, just back of the 
place where the embryo is attached to the yolk. This outgrowth pushes 
between the amnion and chorion. The eggshell is porous, allowing an 
exchange of gases in the blood in the blood vessels of the allantois. The 
membranes remain in the shell when the chick hatches, 21 days from the 
beginning of incubation. 

d, Mammeds ,—The duckbill and the spiny anteater lay eggs, and 
these develop much as do the eggs of birds and reptiles. They differ 
from those of other mammals whose eggs develop within the body of the 
mother. 



rig. 456.—Diagram to illustrate the relation of the placenta to the uterus, the embryonic 
membranes, umbilical cord, and embryo of a mammal (man). (B. F. Edwards.) 

The mammalian egg usually contains little yolk. Development begins 
when the fertilized egg passes down the oviduct to the uterus. When it 
reaches the uterus, it imbeds itself in uterine walls. At this time, it is so 
small as to be barely visible. 

By a process slightly different from that described above for birds, 
the mammalian embryo now forms two protective membranes, the 
amnion and the chorion. The embryo is enclosed in the amniotic sac, 
which is filled with^wwi. The outer membrane is the chorion (sometimes 
called the serosa). The chorion in the mammal develops fingerlike 
processes that fit into pits in the tissues of the uterus. These are the 
branching villi. They are important connections between the mother and 
the embryo (Figs 455 and 456) and contain many blood vessels, through 
which an exchange of gases takes place. The blood in these vessels also 
brings the food that the embryo needs and takes away the wastes. The 
villi and the surrounding tissues, partly maternal, partly belonging to the 
embryo (fetal), form the placenta (Gr. plakotis, a flat cake) (Fig. 455). 
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The allantois is rudimentary; it is not needed by the mammal, because 
the placenta takes over its functions of respiration and excretion. 

There is no mixing of fetal^ and maternal blood; the two systems are 
separate. However, an exchange of lymph occurs. 

The cord that connects the embryo with the placenta elongates 
and becomes the umbilical cord. There are no nerves in the umbilical 
cord; hence the mental states of the mother are not transmitted to the 
embryo. 

The period of embryonic development, or gestation (L. gestatio, a 
bearing, carrying), varies greatly among mammals. Below is a time table 
of embryonic development for some familiar mammals: 


Name of the Animal Time 

Opossum. 13 days 

Mouse. 20 days 

Rat. 22 days 

Rabbit. 32 days 

Cat, dog, guinea pig. 0 weeks 

Pig. 17 weeks 

Sheep. 21 weeks 

Macaque monkey. 24 weeks 

Man. 36 weeks 

Cow. 40 weeks 

Horse. 48 weeks 

Rhinoceros. 18 months 

Elephant. 20 months 


I'he young mammals are born in various stages of development. 
Horses, cattle, and sheep are able to walk shortly after they are born. 
They are, however, dependent upon their mothers for food, as are all 
mammals, regardless of the state in which they are born. They nourish 
their young with milk from their mammary glands. Opossums and kan- 
garoos (Marsupials) are born in an undeveloped state and carried in a 
pouch until development proceeds further. Inside the pouch are mammary 
glands (Fig. 350), to which the young opossums and kangaroos become 
attached and from which they get their milk (page 508). Many mammals 
are bom with little or no hair, with their eyes closed, in a generally 
helpless state. Young rats and rabbits are red, squirming, helpless things. 
The human infant has its eyes open when it is born but is one of the most 
helpless of young animals and requires parental care longer than any 
other animal. 

Twins. —Multiple births are common among lower animals (Fig. 457) 
but fairly uncommon among the higher mammals, including man. In 
man, it is said that twins are bom in 1:88 births; triplets, in 1:(88)^ 
births; quadruplets, in 1:(88)*; the ratio varying somewhat in different 
races. 

^ After the sixth to eighth week, the developing human embryo h known aa a letoa 
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Twins may arise in two ways. They may develop from separate egg 
ceils, in which case they are no more alike than any other brothers and 
sisters. These are fraternal twins and they may be of the same sex or of 
different sexes. Twins that develop from one fertilized egg are identical 
twins (Fig. 458). After a fertilized egg has divided, the two halves may 
separate, and each half may now develop into an individual. Identical 
twins are always of the same sex, and they may be mirror images of each 
other. 



Fis. 457.-—Multiple births. Martha, a lioness in the Atlanta Zoo to whom lour cubs were 
born. (Courtesy of The Atlanta Constitution.) 

In the armadillo, four young develop normally from each fertilized 
egg. These are always of the same sex. 

G. Parental Care.—Many animals never see their young. The only 
provision for their future is the storage of yolk in the eggs, which serves 
as nourishment until the young can obtain food for themselves. Examples 
of this type are earthworms, starfish, insects, frogs, some reptiles, and 
most fish. Large numbers of eggs must be laid if the species is to survive, 
because many of the eggs are lost or eaten. Even among these animals, 
however, certain species protect their eggs and young by placing them 
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in favorable places or by carrying the eggs around until they hatch. For 
example, bee larvae are fed by workers, and crayfish carry their eggs 
attached to their swimmerets (page 374) until they hatch and the young 
have molted once or twice. Several species of toads carry their eggs 
around with them (page 459). Certain fish build nests and guard the 
eggs in them (page 450), though the majority do not. Other types of 
animals care for their young with great solicitude. Many birds feed and 
protect their offspring even after they leave the nest. Mammals vary 
considerably with respect to the length of time they care for their young. 
All mammals, being nourished with milk from mammary glands, arc 
dependent upon their mothers for food. The young of man are among 
the most hel])less of animals when born; they must be cared for for many 



Fig. 458.—Identical twins, identical twins develop from one fertilized egg and are much 
alike; fraternal twins develop from two fertilized eggs and are as different as any other brothers 
and sisters. (Courtesy of Dr. H. F. Perkins.) 

years before they are able to take their place in our complex society 
(see also page 695). 


Questions 

1. Discuss development in plants. What is meant by germination? What is a seed? 

2. Compare the four types of cleavage, and give examples of each. In what way does the 
amount of yolk in an egg affect its development? 

8 . Distinguish between mesoglea and mesoderm. 

4. Is a blastula always formed in the same way? A gastrula? 

5. Describe the formation of mesoderm in the frog embryo, 

6. In a summarized account, state the derivatives of the ectoderm; the endoderm; the 
mesoderm. 

7. Discuss the embryonic membranes, their origin, function, and fate. Why are they not 
needed by fish? 

8 . Give a general account of the early development of an animal embryo of the Amphiexus 
type* 
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9. Compare the early development of fish and amphibians. 

10. What advanced features over amphibians are shown in tlie development of birds 
and reptiles? 

11. Do mammals vary greatly in development? Explain fully. 

12. Give some examples of parental care not mentioned in the text. 

13. Define: allantois, yolk sac, blastopore, archenteron, coelom, telolecithal, centrolecithal, 
homolecithal, primitive streak, notochord, mesoglca. 

14. What is your opinion as to the value of studying embryonic features and development? 

Sugsested References 

Abet, L. B.: “Developmental Anatomy,” 4th ed., W. B. Saunders Company, 1940. 
Dodds, G. S.: “Essentials of Human Embryology,” 2d ed., John Wiley & Sons, Inc., 1938 



Part V 

SOME BIOLOGICAL PRINCIPLES AND THEORIES 




CHAPTER XLIV 

THE GERM CELLS AND FERTILIZATION 


The creation of a thousand forests is in one acorn, and ICgypt, Home, (iaul, 
Britain, America lie folded already in the first man. 

—Emerson. 

I. Germ Cells and Body Cells 

A. Germinal Continuity.—The cells in the body of a plant or an 
animal are separated into two divisions, the somatic, or body cells, and 
the germ cells (Fig. 459). The somatic cells form the distinct body of an 
organism; the germ cells separate from the i^arent body when mature, 
giving rise to the new generation. They provide for germinal continuity 



EGG SPERM 

Fig. 459.—‘Human germ cclli. (A) Egg cell. (B) Sperm Cell. (C) Group of sperm cells 
to show relative sizes of sperm and egg. All cells greatly enlarged and diagrammatic. (Adapted 
from various sources by 6. F. Edwards.) 

or the stream of life, whereas in time all somatic cells die. While the body 
cells are forming the tissues and organs of the organism, the germ cells, 
except in special cases, are quiescent until the organism is mature. The 
primordial germ cells in vertebrates may often be formed before the 
gonad in which they later reside is formed. Later they shift to that 
portion of the dorsal epithelial lining of the coelom which becomes a part 
of the gonad. 
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B. Spermatogenesis and Oogenesis. —The maturing, or development, 
of the male reproductive cell is spermatogenesis; the maturing or develop¬ 
ment of the female cell is oogenesis. The term gametogenesis may be 
applied to both types of development. 

C. Meiosis and Mitosis. —^Another term for the nuclear changes 
involved in the maturing of the germ cells, as distinguished from mitosis 
(page 37), is meiosis (page 42). 

II. Meiosis in Animal Germ Cells 

A. Maturation or Meiosis. —^Thcse two terms are used interchangea¬ 
bly. Before a sperm cell and an egg cell fuse to form a zygote from which 
a new individual develops, a complicated process, rnaturation (L. maturus, 
ripe) occurs in germ cells. As the word implies, maturation is a maturing 
or ripening of the germ cells in preparation for the formation of a new 
organism. A definition that mentions only the events of the process and 
not the way in which they take place is: Maturation is the final stages in 
the development of sex cells, characterized by two divisions, in one of 
which the number of chromosomes is reduced to onc-half (Figs. 461 
and 462). 

1. Haploid and Diploid. —WTien an egg and sperm fuse, one set of 
chromosomes is contributed by each gamete, and the zygote then contains 
two sets, or a diploid number (page 42). Each germ cell contained a 
haploid (page 42) set or half the diploid number. An example will make 
this clear. If a garden pea has a diploid number of 14-chromosomes, then 
each of its mature egg cells and each of its mature pollen cells will contain 
7 chromosomes, or a haploid number, the number having been reduced 
during the reduction division of the maturation process. The following 
table gives the diploid number of chromosomes contained in certain 
plants and animals:^ 

Garden pea. 14 Hydra fusca hnd viridis . 12 

Evening primrose. 14 Chicken. 18 

Onion. 16 Bullfrog. 26 

Corn. 20 Monkey {Rhesus) . 48 

Fruit fly. 8 Man. 48 

Chromosome numbers have been determined for many plants and 
animals and new work along this line is being done at all times. From the 
foregoing, it will be seen that the only way to keep the numbers of 
chromosomes constant in any plant or animal is by the reduction of 
one-half the number in the germ cells before they meet and fuse. This 

^ For an extended list of organisms whose chromosome numbers have been determined, 
see E. B. Wilson, “The Cell in Development and Heredity,” pp. 855jf, The Macmillan 
Company, 1937. 
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is accomplished during the maturation or maturing of the germ cells in 
the reduction division. 

2. Preparation for Mbiosis. —^The process of ripening of germ cells 
is essentially the same in both plants and animals, but the changes are a 
little easier to follow in the animal germ cells; hence they are described 
first. 

a. Period of Multiplication. —^The number of germ cells in the ovary 
or testis of an animal increases by ordinary cell division (mitosis); this 
increase in number is designated as the period of multiplication (Fig. 4601). 

h. Period of Growth and Synapsis. —Before the maturation process 
can take place, each germ cell increases greatly in size. For the sake of 
emphasis, it is repeated here that each cell contains two complete sets of 
chromosomes^ one set contributed by the male parent and one set contrib¬ 
uted by the female parent. These two sets now line up and pair, like, or 
homologous (Gr. homoSy the same; logoSy proportion), chromosomes fusing 
together. This is synapsis (Gr. syn^ together; haptOy to unite) (Fig. 4601). 

3. The Maturation BrvisiONB. —^There are two maturation divi¬ 
sions, and the reduction in the number of chromosomes may take place 
during either the first or the second divisions. It takes place usually 
during the first division in the higher animals, but among the Protozoa, 
Chilodonellay and others, it takes place at the second maturation division. 

a. The First Maturation DivisioUy or Reduction Division (first meiotic 
division).—After synapsis has taken place and the chromosomes have 
separated, the cells divide, one-half the number of chromosomes going 
into each of the two daughter cells. By reference to Figs. 460 and 461, it 
will be seen that the two new male cells are the same size but that the 
two new female cells are very unequal in size, even though the small one 
called the polar body receives the same number of chromosomes as the 
larger one, which will finally develop into the egg cell. The polar body 
may divide, but it eventually degenerates. 

The assortment of the chromosomes. —When half of the chromo¬ 
somes go into each of the daughter cells, the question naturally arises as 
to which chromosomes go into each cell. If it is borne in mind that there 
are two complete sets in the germ cell before the number is reduced to 
half, one set received from the female and one set from the male parent, 
and that each of the new daughter cells must have a complete set, it will 
be seen that there are four possibilities or combinations that will produce 
a complete set. It is a matter of chance which member of a pair goes into 
a cell, but one member of each pairy i.e., either the paternal or the maternal 
chromosome that united to form the pair of chromosomes during synapsis, 
will go into each of the new cells, but both members of a pair will not go 
into the same cell. A simple experiment will make this clear. If two strips 
of blue paper, one long and one short, are allowed to represent the 
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FERTILIZATION 



FERTILIZED EpG FIRST CLEAVAGE 

OR ZYGOTE 

FI 9 . 460 I.—Mtietit in anim«l cell*. (P.B.) Polar body. S*« text. (L. Runyon.) 
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7 OTHER 
CELLS 
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POLLEN GRAIN 


FIRST CLEAVAGE 


FERTILIZED EGG 
OR ZYGOTE 

Fig. 460II.—Mtlotis in plant germ calls. (E.N.) Endosperm nucleus. See text. (L. Runyon.) 
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chromosomes contributed by the male parent and two strips of pink 
paper, one long and one short, represent the chromosomes contributed by 
the female parent, at synapsis the long blue and the long pink would 



Q«S0MATrC CELLS 
• * GERM CELLS 

Fis. 461.—Diasram of the hiitory of serin cells in multicellular animals. As indicated 
in the drawing/ the number of divisions is much greater than shown except during the matura¬ 
tion period. (Adapted by F. Baker from Wilson, The Cell, The Macmillan Company.) 

pair, and the short pink and the short blue would Unite to form the other 
pair. At the reduction division, there would be four possibilities: If one 
long blue and one short pink form one combination, then the other 
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combination must be one long pink and one short blue; or if one long 
pink and one short pink, then the other combination must be one long 
blue and one short blue. 

The first two combinations represent mixtures, one chromosome from 
the female parent and one chromosome from the male parent. The other 
two combinations are not mixtures but represent either the two chromo¬ 
somes from the female or the two from the male parent. According to the 
laws of chance, there would be twice as many mixtures as there would be 
of the nonmixture classes. 

To repeat, after the reduction division, each of the daughter cells 
contains one-half the diploid number of chromosomes, or a haploid 
number. Although it is a matter of chance which chromosomes pass into 
each cell, there must be one memher of each fair in each of the new cells, 
and it may be either one, to make up a complete set. 

6. The Second Maturation Divisioriy the Equation Division (second 
meiotic division).—In this division, the chromosomes split longitudinally, 
as in ordinary mitosis, and the cells then divide. The splitting of the 
chromosomes in preparation for this division may take place long before 
the first maturation division, so that during synapsis, each of the pairs 
appears as four strands, there being one pair of chromosomes but each 
chromosome being split. For this reason, they are called tetrads (Fig. 
4601), and when the pairs separate, each chromosome has a split and 
appears as two. For this reason, they are called dyads. 

As before, the egg cell divides into a large cell, which will become the 
egg, and a small cell, the second polar body, which later degenerates. The 
sperm cells divide into two equal cells, both of which will develop into 
functional sperm cells. The female egg cell is relatively large and the 
sperm cell very small (Fig. 459). 

B. Fertilization.—At fertilization, the sperm cell enters the egg cell, 
thus restoring the diploid number of chromosomes. Shortly after this, the 
fertilized egg begins to divide and thus initiates the development of a new 
individual. Reference to Fig. 460 will give a clear idea of the event of 
maturation, and Fig. 462 illustrates some of the details of fertilization. 

ill. Meiosis in Planb 

As noted above, the development of germ cells in plants is a little 
more obscure than it is in animals, although the essential processes are 
the same. A comparison of Figs. 4601 and II shows that the two follow 
the same pattern of development down to the second maturation division. 
On account of the way the pollen cell (page 167), or microspore^ and the 
ovule (page 167), or megaspore^ develop, several divisions occur before 
the egg and sperm cells are actually formed, but the end result is the 
same; i.e„ when the sperm cell fertilizes the egg cell in the flower, the 
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diploid number of chromosomes is restored. In order to keep the essential 
process clear, several divisions have been omitted, but where they occur 
has been indicated on the diagram. (For an account of double fertilization 
in plants, see page 166.) 



THE EQUATION 
DIVISION 



IV. Haploid and Diploid Generations 

Figure 463 brings out, in a diagrammatic way, the differences between 
the haploid and diploid generations of animals and plants. 

V. Summary 

To sum up, the stages in the development of the germ cells are as 
follows: 

1. Period of multiplication. In this stage, the number of germ cells is 
increased by cell division (mitosis). 
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2, The first maturation division, usually the reduction division. The 
sperm cell divides into two equal cells and the egg cell into a large cell and 
a small cell or polar body, one-half the number of chromosomes going into 
each cell, thus reducing the number of chromosomes by half, the haploid 
number. It is a matter of chance which member of each pair of chromo¬ 
somes goes into a cell, but each cell must have a complete set, even though 
it be the haploid number. 


ANIMAL 


PLANT 


COO 


SPI 


SPERM 



EOS 




© 


Q.8PERM 

A- 



)© O© * N 

SPORES 



Fis. 463.—Comparison of the nuclear chanses in the life cycles in higher animals and plants. 
N = normal number. (B. Shamos, after Wilson.) 


3. The second maturation division, usually the equation division. In 
this division, the chromosomes divide longitudinally; then the cells divide 
as in ordinary cell division. But the egg cell divides into a large cell, which 
is to become the egg, and a small cell or polar body. This may divide but 
eventually degenerates. The splitting of the chromosomes for this divi¬ 
sion may take place even before synapsis, so that when the chromosomes 
are paired, it may appear that there are four chromosomes instead of 
two. These are called tetrads, and when pairs separate, each chromosome 
having a split appears as two and is called a dyad. 
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4. Time of reduction division. The reduction division may take place 
at either the first or second maturation division. The number of chromo¬ 
somes appears to be reduced at the first maturation division in most or¬ 
ganisms, but in some Protozoa it occurs at the second maturation division. 

5. Effect of fertilization. If fertili?5ation takes place, the sperm fuses 
with the egg, thus restoring the diploid number of chromosomes. Shortly 
after fertilization, the egg begins to divide, and the future organism is 
on its way to development. 


Queitions 

1. What is meant by the maturation or meiosis of the germ cells? At what stage in the 
life of organisms do these processes begin? 

2. How does the process of egg formation differ from that of sperm formation? Why 
must the reduction division precede fertilization? When does it take place? 

8. Give an account of the equation division. 

4. Construct a diagram to show the possibilities of assortment of chromosomes in the 
formation of gametes if the germ cell contains three pairs of chromosomes (AOf Bb, Cc), 
Explain the statement that each gamete must have in it one member of each pair of 
chromosomes. 

8 . During synapsis, w’hich types of chromosomes pair? What are the main differences 
between the maturation of the germ cells of plants and animals? 

6. Refer to FigvS. 460I~II and 463, and explain fully the differences in the nuclear changes 
in a seed plant (angiosperm) and a mammal. Discuss, in this connection, the haploid 
and diploid generations in these life cycles. 

7. Define: gametogenesis, haploid, diploid, synapsis, equation division, tetrad, dyad, 
microspore, megaspore. 


Susscftcd Refcrcnctt 

Shabp, L. W.; “An Introduction to Cytology,” McGraw-Hill Book Company, 1934. 
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CHAPTER XLV 

VARIATION AND HEREDITY 


The glory of ancestors sheds a light around posterity; it allows neither their 

good nor bad qualities to remain in obscurity. 

—^Sallust, 

I. Introduction 

Although the artificial pollination of plants has been practiced for 
hundreds of years, most of what is known about the physical basis of 
heredity, the role of the germ cells, transmission of characters, and the 
like, has been learned since 1900. The study of heredity, then, is com¬ 
paratively new. For hundreds of years, however, much work was done 
that paved the way for a later development of the subject that is now 
regarded as one of the fundamental sciences, the science of genetics (Gr. 
genesisy ori|[in). 

Some Early Plant Hybridizers.—Perhaps the earliest records of artifi¬ 
cial pollination in plants are those of the date palm. That there were two 
kinds of date palms and that both were necessary if fruit was to be 
produced was known to the Babylonians 6,000 years ago. Works of art 
of the ninth century b. c. show pollination of the date palm. 

At the conclusion of a series of experiments in 1694, Camerarius, a 
German physician, was convinced that sexual reproduction existed in 
plants, the male part of the plant being the pollen and the female part, 
the ovule. Another German botanist, Kdlreuter (1733-1806), per¬ 
formed the first careful experiments in plant hybridization in 1760. He 
placed the pollen of one species of tobacco upon the stigma of another 
species, finding that the offspring of these two were intermediate be¬ 
tween the two parents. From this'and from many other experiments, it 
was concluded that pollen performed an essential part in seed production 
and also that characters of the parents were transmitted through both pol¬ 
len and ovules. Kolreuter did not, however, observe the regular splitting 
of hybrids, which was later observed by Thomas Knight (1799) and John 
Goss (1822), in England, and by Naudin (1862) in France. Naudin 
noted that the first generation of hybrids were much alike but that later 
generations included diverse types. It remained for Gregor Mendel 
(1822-1884) to analyze the results of hybridization, character for char¬ 
acter, and lay the foundation for the development of the new science, 
genetics. 
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11. Variations 

A. Types of Variations (L. varus, various).—Variations follow an al¬ 
most universal law, it being true that two things that are exactly alike 
are rarely found in the living world. Variations fall into distinct categories. 

1. Structukal Variations. —Close observations reveal the fact that 
organisms of the same species may resemble each other closely but that 
all vary from each other in some degree. There is an old saying, “as like 
as two peas in a pod,” but examination of the peas in the pod shows that 
they differ from each other in various respects, such as size, shape, color, 



Fig. 464.—Inheniance of immunity to wilt. A strain of cotton that is wilt-resistant. Note 
condition of two rows of nonwilt-resistins varieties 9 rown in the same environment. 
(Courtesy of The Hastinss Seed Co.) 

and other characters. The leaves on any tree look alike until they are 
examined closely; then small differences will be detected. Even in the 
case of identical twins who closely resemble each other, the mother 
knows which is which, though outsiders may have trouble telling them 
apart (Fig. 458). 

2. Physiological Variations. —Variations may be physiological as 
well as morphological, i.e,, functional as well as structural. For example, 
among cotton plants, some individuals are able to resist wilt disease and 
others are not (Fig. 464). Another example is to be found among race 
1 orses; «ome can run faster than others. These physiological differences 
are quite as distinct as morphological differences. 

3. Heritable and Nonheritable Variations. —Some types of 
variations are inherited and some are not. The usual classification of 
these two types are: (1) genetic variations, or variations that are inherited. 
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and (2) environmental variations, or those which are not inherited and 
which are usually due to some factor in the environment. 

Examples of heritable variations are numerous. The resistance to the 
wilt disease of the cotton plant already mentioned is a physiological 
variation which is inherited by the offspring of the cotton plant that 
possesses this characteristic. The ability of race horses to run fast is 
definitely inheritefl. Witness the offspring of the greatest race horse of all 
time, Man o’ War, whose descendants are still making racing history. 

Variations that are not inherited are also common. If two cuttings of 
equal size be placed in different environments, one good and one bad, 
they will naturally differ in their growth. Two pigs may vary in size 
principally because of the character of the food that they are given. 

Hi. Heredity 

A. What Heredity Is (L. herediiasy heirship).—The term heredity may 
be used in two ways. In a legal sense, one inherits from relatives and 
friends such things as lands, buildings, heirlooms, names, etc. This kind 
of inheritance involves the passing on from one person to another of 
things that were never a part of the body. An example of something that 
seems as if it were inherited but is not is the disease of Texas cattle fever. 
The organisms that cause this disease are present in the eggs of infected 
cattle ticks and are thus passed on from the mother to the ticks that 
develop from those eggs; the organisms that cause Texas cattle fever 
were never a part of the body of the mother tick. Heredity, as the biolo¬ 
gist uses the term, is the transmission from parent to offspring of living 
substances that bring about certain structural and physiological char¬ 
acteristics. Usually the characteristics of interest to us are not those 
common to a species but those in which the members of a species may 
vary. We are not so much concerned with the fact that the offspring of 
human beings are human beings as with the minor similarities and 
differences between parents and offspring, such as the color of the eyes, 
the shape of the nose, the tievelopment of musical ability, and the like. 

The hereditary possibilities of organisms are carried in their germ 
plasm. Although the germ cells are nourished in the body of the organism, 
their characteristics are usually fixed from the first. Changes in the germ 
plasm do occur, but not often. Castle and Phillips performed an experiment 
in 1911 that illustrates the point. The ovaries from a black guinea pig were 
transplanted to the body of a white guinea pig, and this animal was then 
mated to a white male. All the offspring were black. Since both the parents 
were white, their offspring would normally have been white (p. 720). 
The white guinea pig had nourished the cells in the ovary fi;om the black 
guinea pig, yet the character of the transplanted gerni cells remained 
unchanged in the new environment. 
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B, The Physical Basis of Heredity.—Every plant and animal, except 
the few that reproduce ascxually, develops from an egg that is usually 
fertilized. With few exceptions, these are of very small size, microscopic, 
in fact. Some exceptions are the eggs of birds, frogs, fish, many insects, 
etc. These are not microscopic, as are those of most mammals, but their 
large size is due to the presence of yolk, and the essential living sub¬ 
stance is only a minute speck of protoplasm. The development of organ¬ 
isms, including human beings, from these minute living particles is one 
of the most remarkable of all phenomena. 



Fi$. 465.—'Salivary chromosomes and sonial chromosomes compared. Drawlnss of 
chromosome 4 of Drosophila melanogaster and, on the same scale, the entire group of gonial 
chromosomes. In this gonial group the paired 4th chromosomes are represented by the small 
black dots, in which no structural details can be seen under the highest magnification, in 
striking contrast to the wealth of detail visible in the salivary chromosomes. (From Bridges, 
Journal of Heredity, Vol. 26.) 

1, Chromosomes. —In a resting cell, the chromatin in the nucleus is 
in the form of a network. During the mitosis and also the maturation 
of the germ cells, this condenses to form chi^mosomes. It is repeated 
here for emphasis that each organism has a characteristic number of 
chromosomes and that these are not all alike. Inspection of the chomo- 
some complex of the fruit fly Drosophila would show four pairs of chromo¬ 
somes (Fig. 478), the two members of each pair being alike (homologous) 
in appearance but differing from every other pair. 

a. Structure of Chromosomes ,—Chromosomes do not consist of simple 
masses of material but are very complex in structure. In the salivary 
gland of the fruit fly, the chromosomes are extraordinarily large, and 
something of their structure may be made out (Fig. 405). It is seen that 
the chromosomes are made up of a series of bands and lighter parts that 
are visibly different. It is possible to determine also that when a pair of 
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chromosomes unite in synapsis, the bands that are alike line up opposite 
each other and so fuse. 

It will be remembered that the fertilized egg contains two sets of 
chromosomes, one set from the female parent and one set from the male 
parent, and that these two sets pair, the homologous chromosomes form¬ 
ing the pairs. After the pairs separate, the maturation divisions take 
place (page 705). 



16 POSSSLE COMBINATIONS 

Fis. 466.—^Diasram to illustrate sixteen pouible combinations oF Four pairs oF chromosomes. 

Each circle represenb a complete set, yet no two sets are exactly the same. (B. Shamos.) 

6. Unit Characters or Genes .—Genes (Gr. geuy to form) are tlie hered¬ 
itary factors or determiners located inside the chromosomes. Each 
chromosome contains many genes, and, as Sturtevant’s work (1913) 
indicates, these are arranged in a linear order. The nature of the gene is 
still uncertain, but its role in heredity has been determined by experi¬ 
ment. During synapsis, similar genes in the two members of a pair of 
chromosomes lie opposite to each other, but one does not “contaminate” 
the other; i.e., when the character carried by the gene reappears, it is 
just as it was before synapsis took place. 

In studying genetic charts, it is well to bear in mind the possibilities 
for variation that occur in the formation of the gametes, or the sorting 
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out of the chromosomes (Fig. 466). Without a clear understanding of the 
behavior of the chromosomes at the reduction division, there can be no 
understanding of the mechanism of heredity. 

c. Sorting Out of the Chromosomes, —The method of sorting out of 
chromosomes during meiosis was explained on page 703. The bearing of 
this sorting out is further emphasized by the following examples: (1) 
If the organism has a diploid number of 8 chromosomes, there are 16 
possible combinations for the new gametes, each with a haploid number 
of four. There is a complete set in each case; i.e,^ there is one chromo¬ 
some of each kind present. (2) In human beings, there are 24 pairs of 
chromosomes in the germ cells. In the formation of gametes at the 
reduction division, there would be 16,777,216 possible kinds of sperm and 
16,777,216 kinds of eggs. The possible types of fertilized eggs would be 
281,474,976,710,656! No wonder no two human beings are ever exactly 
alike. 

d. Allelomorphs (Gr. alleloriy of one another; morphe, form), or Alleles. 
The members of a pair of contrasting genes were named allelomorphs by 
Bateson, and each member .of a pair is termed allelomorphw (or allelic) 
to the other. For example, white eye is an allelomorph of red eye in 
Drosophila. It has been found that there is a whole series of eye colors 
that are allelomorphs of each other, red, white, claret, eosin, scarlet, etc. 
A series of this kind is called a multiple-allelomorph series^ only two ever 
existing in the same individual. This is evident when one bears in mind that 
allelomorphic characters are alternative conditions of the same factor. 

e. Homozygous and Heterozygous. —An individual in which two genes 
of an allemorphic pair are alike are said to be homozygous (Gr. homos, 
same; zygon, yoke), and an individual in which the genes of an allemorphic 
pair are different are said to be heterozygous (Gr. heteros^ other; zy^on, yoke). 

2. Cytoplasm. —At one time, it was assumed that basic characters 
such as polarity cleavage patterns of eggs and the like were cases of 
maternal inheritance and that more superficial details were determined 
by genes in the nucleus. The present view is that the egg is formed in the 
ovary under the influence of the genetic constitution of the mother; that 
this consists of two sets of chromosomes, one from her father and one 
from her mother; that the egg and the early embryo are thus influenced 
in their development by genes, just as is all later development. 

In plants, however, certain cases have been found where, in blotched 
leaves, as well as in green and colorless leaves on the same plant, the 
variation is transmitted by the cytoplasm and not through the nucleus. 
Cases of cytoplasmic inheritance are rare. 

C. Mendelism.—^The foundation for the study of heredity as we 
know it today was laid by Gregor Mendel, though there have been great 
addition? to the fundamental principles that he discovered. 
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1. Gregor Johann Mendel. —^Mendel was the son of German 
parents who had emigrated to what was at that time Austria. He was 
born in Heinzendorf in 1822 and died in Brilnn (Brno) in 1884 (Fig. 467). 
As a youth, he made good grades in school and entered Konigskloster, an 
Augustinian monastery at Briinn, in 1838. Later he attended the Uni¬ 
versity of Vienna and worked with the famous botanist Nageli, who seems 
not to have been impressed with Mendel’s later and now famous work. 
Probably because of lack of background, Mendel failed some of his 
examinations at the University of Vienna. After leaving Vienna, he 
carried on by himself his famous experiments with peas in a small monas- 



Fls. 467.—Gregor Mendel (1822-1884). (From A. F. Shull.) 

tery garden. In 1868, he was made abbot of the monastery, and his 
administrative duties left little time for scientific work. Unfortunately, 
the last years of his life were embittered by a controversy with the state 
on the taxing of monasteries. 

2. Mendel’s Experiments. —^Mendel worked with the garden pea 
(Pisum sativum) 9 a plant that is normally self-fertilizing. What he did 
was to cross two forms having distinct characters and to keep a careful 
account of what their progeny were like through successive generations. 
In addition, he kept count of the number of each kind of plant that 
appeared. Most of his time was spent working with seven pairs of con¬ 
trasting characters: (1) smooth and wrinkled seeds; (2) yellow and green 
seed coats; (3) tall and dwarf vines; (4) colored and white floweirs; 
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(5) axial and terminal flowers; (6) inflated and constricted pods; (7) 
green and yellow pods. 

The results of these experiments were published in an obscure Journal 
of the Natural History Society of Briinn, and they remained almost 
unnoticed until 1900, when they were rediscovered by three men working 
independently, Correns^ De Vries, and Tschermak, These men had read 
Mendel’s paper and were able to confirm his results through their own 
work. 

It is probable that one of the reasons for the neglect of Mendel’s work 
was the fact that Darwin’s famous book “Origin of Species” (1859) had 
recently been published and overshadowed everything else. Another 
reason may have been that Mendel later worked with hawkweed (Hiera- 
cium), which has certain peculiarities in its development that were 
unknown to Mendel. In this case, the hybrids all bred true because of 
the peculiar type of reproduction. Mendel may not have been sure that 
the results obtained with the peas applied to plants in general. He died 
in 1884 without knowing of the importance of his work. 

8. The Mendelian Laws. —^Mendel left his conclusions in the form 
of two general laws, the law of segregation and the law of the independent 
assortment of the genes. He based his conclusions upon numerical data, 
and his results were correct. Neither Mendel nor any workers of his time 
understood the mechanism by which characters are transmitted from 
parents to offspring. The way characters are inherited and the parallelism 
between this and the behavior of the chromosomes were pointed out by 
three men working independently, Sutton, Boveri, and Correns, in 1902. 

a. MendeVs First Law, the Segregation of the Genes. —The fact that 
peas are self-fertilized simplified Mendel’s problem. The separation of 
two allelomorphic genes at the reduction division is known as segregation. 
This sorting out of chromosomes at the reduction division has been 
pointed out several times. Two genes of an allelomorphic pair always 
segregate into separate germ cells at the reduction division. This is 
another way of saying again that normally the mature germ cells contain 
one and only one of each of the pairs of genes that were in the diploid 
cells before the reduction division. 

(1) Monohybrids, dominance and becessiveness. —Mendel found 
that when he crossed any two contrasting characters, the hybrids thus 
produced looked like one parent and not Kke the other; in other words, it 
was dominant over the other character, which was hidden or recessive. 
If the hybrids were bred together, however, three-fourths of the offspring 
showed the dominant character and one-fourth the recessive character. 
The dominant gene, when present, will prevent the hidden or recessive 
gene from expressing itself. There is no satisfactory explanation as to why 
some'genes are dominant and some recessive. Indeed, genes are sometimes 
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dominant under some circumstances and recessive under others. The 
mechanism of the transmission of characters is now known, and some 
examples will make the matter clear. 

(a) Yellow and Green Peas; Phenotype and Genotype.—Yellow color 
is dominant over green coat color in peas. When these two are crossed, t.6., 
when the pollen from one of these plants is placed on the stigma of the 



PURE YELLOW YELLOW HYBRIDS PURE GREEN 

Fig. 468.—-One pair of characters. Cross between yellow peas and green peas, yellow color 
being dominant over green. (Jane Wyatt.) 


flower of the other, the hybrids thus produced will all bear seeds of yellow 
color. This is the first filial generation, or Fi. In the germ cells of the 
hybrid generation will be factors for both yellow and green. At the 
reduction division, gametes of both kinds will be formed. If now these 
hybrids are crossed, the possible combinations are one yellow-yellow, 
two yellow (green) and one green-green (Fig. 468). This gives the Men- 
delian ratio of 3:1, for the two yellow (green) will appear yellow. 
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From the foregoing, it will be seen that all the yellow peas are not 
alike, though they look alike. The terms phenotype^ what the organism 
looks like, and genotype^ what its germinal constitution is, were first 
used by Johannsen to point this out. The phenotype of the yellow peas is 
yellow, but the genotypes are yellow-yellow and yellow (green); while 
the phenotype of the green peas is green and the genotype is green-green. 



PURE BLACK 
I 


HYBRID BLACK 


HYBRID BLACK 


PURE WHITE 
I 

Jahc. WvgTt 


Fig. 469.—One pair of characters. Cross between a white guinea pig and a black guinea pig, 
black coat being dominant over white coat. (Jane Wyatt.) 


(6) Black and White Guinea Pigs.—Black coat color in guinea pigs 
is dominant over white coat color. When a black guinea pig is crossed 
with a white one, all the hybrids, or Fi, will be black. Breeding together 
the hybrids will give a ratio of 3 blacks to 1. white (Fig. 469). As is the 
case with the yellow peas, only one black animal out of three will be 
homozygous for the*black factor, and two will be hybrids. The white 
animal will be homozygous for white, and if bred to white, all the offspring 
will be white. An organism that shows the recessive character will always 
be homozygous for that character, because a dominant character, if 
present, wiU inhibit the expression of the recessive character 
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(2) Incomplete dominance. —Sometimes the hybrid organisms are 
not like either parent but are something in between. This is shown in a 
cross between red and white four-o’clocks {Jalapa mirabilis): the Fi is 
pink (Fig. 470). Crossing two pinks together results in the in an average 
of one red, two ])inks, and one white. It is easily seen that this ratio, 



Fi$. 470.—Incomplete dominance. Cross between a red and a white Four*0-Ciocl<. The 
hybrid is pink instead of like either parent. (F. A. Baker.) 


1:2:1, is exactly the same as in the preceding two cases, the difference 
being that the four-o’clock hybrids can be distinguished from the other 
two types. For types of gametes formed, etc., refer to Fig. 470. 

Another case of incomplete dominance is shown in the Andalusian 
fowl. This so-called blue animal results from a cross of a black with a 
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splashed white strain. The “blue” appearance of the hybrids is due to 
very fine alternating white and black stripes. Crossing two of the hybrids 
or “blue” animals results in the usual Mendelian ratio for monohy- 
brids, 1:2:1, in this case, one white, two “blue,” and one black animal 
(Fig. 471). 





I 2 

FIs. 471.—Incomplete dominance. Cross between a splashed white and a black Andalusian 
Fowl. The hybrid is what is popularly called a '*biue" Andalusian fowl. (Jane Wyatt) 


6. Menders Second Law^ or the Independent Assortment of the Genes ,— 
In the preceding experiments, only one pair of characters was considered. 
Mendel found that when two or more characters are present in the plant, 
each pair is inherited independently of the other pairs. Some examples 
will make this clear. 






HEREDITY 


723 


(1) Dihybrids, or the inheritance of two pairs of characters. 
(a) Yellow Round and Green Wrinkled Peas.—Round shape of peas 
IS dominant over wrinkled shape. If yellow-round peas arc crossed with 
green-wrinkled peas, the Fu or hybrid, generation of pea plants will 
all bear yellow-round peas. If the hybrids are crossed, however, the 



Fig. 472.-—Independent etsortment. Cross between yellow-smooth garden peas and 
green-wrinkled peas. Yellow and round are the dominant factors in this case, the recessive 
factors being green and wrinkled. (Jane Wyatt.) 

characters will sort out and be inherited independently. During the 
reduction division, there will be 4 types of male and 4 types of female 
cells formed. How these will recombine when the egg is fertilized is 
conveniently shown by the use of a Punnett square (Fig. 472). There 
will be 4 types of male gametes and 4 types of female gametes formed 
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at the reduction division: yellow-round; yellow-wrinkled; green-round; 
and green-wrinkled. As shown in the Fig. 472, there will be 16 possible 
combinations, and their phenotypes will be 9 yellow-round; 3 yellow- 
wrinkled; 3 green-round; and 1 green-wrinkled. Note that there will be 
only 4 homozygous individuals, 1 of each type. 

(h) Black-rough, and White-smooth Guinea Pigs.—Black coat color 
is dominant over white in guinea pigs and rougli coat over smooth coat. 
If a black-rough animal is crossed with a white-smooth one, the Fi 
g(‘neration will all be black-rough. When these are inbred, however, the 
characters will sort out according to the usual dihybrid ratio of 9:3:3:1. 
During the sorting out of the characters at the reduction division, there 
will be black-rough, black-snH)oth, white-rough, and white-smooth 
gametes formed. Figure 473 shows the possible 16 combinations. Note 
again that in this case, also, there are only 4 homozygous individuals, 1 
for each type of gamete. 

(2) Tnill YBRIDS, OR THE INHERITANCE OF THREE PAIRS OF CHARACTERS. 
In peas, colored flowers are dominant over white flowers; then yellow- 
round-colored w.ould be dominant over green-wrinkled-white. In this case, 
2 of the characters affect the seed and 1, the flower. When these 2 types 
of plants are crossed, th(‘ Fi or hybrid-generation plants will all have 
colored flowers and yellow, round seeds. At the reduction division, there 
will be 8 types of gametes formed by both the male and female germ cells, 
'^riiese can be arranged in the form of a Punnett squart^ and worked out. 
The results may be summarized as follows: 27 round-yellow-colored; 
9 round-yellow-white; 9 round-green-colored; 9 wrinkled-yellow-colored; 3 
wriiikled-green-colored; 3 wrinkled-yellow-white; 3 round-green-white; 
I wrinkled-green-white. 

In the same way, 4 pairs of characters may be brought together in a 
(*ross, in which case there would be 16 kinds of gametes formed by the 
F\ in both male and female germ cells and a possible of 256 combinations 
resulting in the F 2 - It will be noted that with the addition of each pair of 
characters, the number of gamete possibilities is doubled. More than 2 
})airs of characters are complicated to work with, and, since the principle 
involved, i.e.^ the independent assortment of the genes, can be demon¬ 
strated by working with 2 pairs of contrasting cliaracters, further work^ 
along this line is interesting but unnecessary. 

4. The Extension of Mendelism. —h\)ur other principles or “laws” 
have been added to the two laws of Mendel through the work of T. H. 
Morgan and his associates. They are the principles of (1) linkage, (2) 
linear order of the genes, (3) crossing over, and (4) interference. 

a. Linkage. —Free, or independent, assortment of genes can occur 
only when each pair is carried in different pairs of chromosomes. All the 
genes inside of a chromosome form a group, and this is what is meant by 
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linkage. It is the opposite of free assortment, for obviously the genes in a 
chromosome remain together unless the chromosome breaks, and this is 
just what happens in crossing over. The genes inside each chromosome 
form a natural linkage group, and the number of such groups that any 


Pairind Chromosomes Resulting Germ Cells 



Fig. 474.—Crossing over between chromosomes having unlike genes. With four pairs of 
^unlike genes, sixteen different combinations in the germ cells may result, depending on 
where the exchanges between the chromosomes take place. (From Shull, Evolution.) 


organism may have is determined by its haploid number of chromosomes. 
Experiments have demonstrated that this is true. 

b. Crossing Over ,—When chromosomes separate at the end of syn¬ 
apsis, they sometimes break, and a part of one is joined onto another, as 
shown in Fig. 474. In other words, parts of chromosomes are exchanged, 
and this is called crossing over. Naturally, whole blocks of genes are 
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exchanged if the chromosome breaks at any point. This exchange of parts 
of homologous chromosomes is always exactly equal, and the position 
of the genes remains the same. If the chromosomes break at one point, it 
is called a single crossover; if there are two breaks, a double crossover; 
there may be several more such breaks, though they would not occur 
often (Fig. 474). 

The amount of crossing over is affected by factors too complex to go 
into here. However, it may be mentioned that the distance apart of the 
genes bears some relation to the amount of crossing over, it being more 
likely that genes far apart will cross over oftener than those close together. 
If characters arc so closely linked that they break apart only once in a 
hundred times, they might be still more closely linked and break apart 
only once in a thousand times. For this reason, crossover values must be 
worked out by experiment for every case; some genes are loosely linked, 
some very closely linked, and, in some cases, linkage is complete. 

Crossing over is not so simple as shown in Fig. 474. Referring back to Fig. 
460 I, note that during synapsis of homologous chromosomes, each of the pairing 
chromosomes splits, forming tetrads. The four members of each tetrad are 
chromatids. Evidence from cytology seems to indicate that crossing over takes 
place between two of tlie chromatids, all four strands of the tetrad not being 
involved. 

When in the tetrad two of the chromatids widen out from the other two, 
regions of apparent fusion are visible. These are the chmsmata (sing, chiasma, 
Gr. chiasma, crosswise). The^^ are related to crossing over in some way. The 
present view is that they are the result rather than the cause of crossing over. 

Chromosome maps, showing positions of genes in the chromosomes, 
have been constructed upon the basis of crossover percentages as deter¬ 
mined by breeding experiments. The unit of distance used in constructing 
these maps “is arbitrarily taken as the distance that will give, on the 
average and under ‘standard’ environmental conditions, one crossover 
per hundred gametes.” In other words, “two genes that show 10% of 
crossing over are 10 units apart” (Sturtevant) (Fig. 475). 

c. Linear Order of the Genes. —Breeding results cannot be satisfactorily 
explained except on the assumption that the genes are arranged in a linear 
order, or something like beads on a loose string. Recent work has borne 
out this conception, first suggested by Sturtevant in 1913. We must 
assume that the genes maintain their relative positions and that they 
are arranged in a linear order; otherwise it would be impossible to explain 
why various characters in a linkage group show constant crossover values. 

d. Interference —Crossing over at any point interferes with crossing 
over at neighboring points; in other words, one exchange interferes with 
other exchanges in near-by sections. 
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Fig. 475.—Map of the four chromosomes of Drosophila melanogaster showing the relativt 
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Fig. 476.—Linkage. Cross of black-vestigial to gray-long Drosophila. Fi female Is back- 
crossed to black-vestigial male. (From Plunkett, Outlines of Modem Biology, Henry Holt and 
Company, Inc., adapted from Morgan.) 
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5. The Inheritance of Linked Characters in Fruit Flies. —In 
Drosophila^ the genes for black body and for vestigial wings are located 
in the same chromosome. The normal alleleles of these two characters 
are gray body and long wings, and these are dominant over black-vestigial, 

a. Gray-long by Black-vestigial —If a gray-long fly is crossed with a 
black-vestigial fly, all the offspring in the first generation will be gray-long 
(Fig. 476). Since the characters for black and vestigial are in the same 
chromosome and the characters for gray-long are in the other chromosome 
of the pair, there can be no independent assortment among the four genes. 
The only way a gray-vestigial or a black-long fly can be obtained from 
this particular combination is for the chromosomes to break during 
synapsis, and this is what happens in a small number of cases in the 
female germ cells. There is no crossover in the male germ cells of Drosophila, 
though it does occur in other animals. Apparently the exception to this 
rule in Drosophila is due to the peculiarities of synapsis in its germ cells; 
the homologous chromosomes are not so intimately associated during 
synapsis as is the case in the female Drosophila, 

Figure 476 shows the four types of gametes formed in the female germ 
cells for these two pairs of characters; one like each parent and a small 
number of two crossover types would be formed. The male would have 
only two types of gametes, since there is no crossover in this case, theTe 
being one like each parent. It would simplify matters to backcross the F\ 
female with a black-vestigial male, since both his gametes would then 
be alike and since both black and vestigial are recessive characters. 

The Fi female, backcrossed to a black-vestigial male, would give 
41 per cent gray-long flics, 41 per cent black-vestigial, 9 per cent gray- 
vestigial, and 9 per cent black-long (Fig. 476). 

b. Gray-vestigial by Black-long, —To show that linked characters that 
go into a cross tend to stay together, it is interesting to follow the results 
of a cross between gray-vestigial and hlack-long flies. In this case, the 
Fi flies would be gray-long, as before, since these two characters are 
dominant. The Fi female would produce four types of gametes, one like 
each parent, and a small number of two crossover types. Here the large 
classes would be, as before, the two parental types. Backcrossing the Fi 
female to a black-vestigial male would give 41 per cent gray-vestigial; 
41 per cent black-long; 9 per cent gray-long, and 9 per cent black- 
vestigial (Fig. 477). In each of the two cases, the large classes are the 
original combinations of the parents, and there are comparatively few 
new combinations. 

The amount of crossing over differs in each linkage group, some genes 
being close together, some far apart. Naturally, then, the situation must 
be worked out for each case. But percentages of crossovers in any particu- 
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Fi3. 477.—Linkase. Cross of gray-vastisial to black-long Drosophila. The Fi female U 
backcrossed to black-vestigial male. (From Plunkett, Outlines of Modern Biology, Henry 
Holt and Company, Inc., adapted from Morgan.) 
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lar case are fairly constant; the crossovers between gray-long and 
black-vestigial will always give about the same percentages. 

6. Sex-linked Chakactehs. —In Drosophila^ the female has two X 
chromosomes that influence the determination of sex, and the male has 
one X and one Y chromosome. Recently the Y chromosome, thought to 
be empty, has come into prominence as a gene bearer. It appears to have 
few genes, however. Crossovers have been reported between X and Y in 
fish and in some other animals. Besides the genes that influence sex, many 

INHERITANCE OF SEX 
IN DROSOPHILA 



Fig. 478.—The inheritance of sex in Drosophila melanogaster. (Zoe Wells.) 


other genes are present in the X chromosomes. These are very naturally 
linked together, and this is w’hat is meant by sex4inked characters. 

a. Red Eyes and White Eyes in Drosophila, —The behavior of the XX 
and the XY chromosomes at the reduction division is shown in Fig. 478. 
In Drosophila^ the gene for white eye is in the A" chromosome; its normal 
allelomorph is red eye, and red eye is dominant over white eye. 

(1) Red-eyed female by white-eyed male. —If a red-eyed female 
fly is crossed with a male white-eyed fly, the Fi flies will all be red-eyed. 
The female will have two X chromosomes, one with a red gene from the 
mother and one with a white gene from the father. The male will have one 
X chromosome, and it will have a gene for red eyes inherited from the 
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mother and a Y chromosome inherited from the father, which will carry 
no factor for eye color. In general, the Y chromosome carries no normal 



Fis. 479.—Sex-linked inheritance in Drosophila. The cross of red-eyed female by white¬ 
eyed male. The course of the sex-iinked gene W — w is traced from parents to F 2 . Females 
at left, males at right. (From Morgan, Bridges, and Sturtevant, Mechanism of Mendelian 
Heredity, Henry Holt and Company, Inc.) 

allele for a sex-linked character but in a few cases mutant genes have 
been discovered in the Y chromosome {Drosophila^ man, certain fish). 
These follow the course of the Y chromosome in inheritancot 
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The Fi females will have two types of gametes. One type will carry 
the X with the gene for red eyes, and the other type will carry the X with 
the gene for white eyes. The male will also have two types of gametes, 



Fis. 480.—Sex-linked inheritance in Drosophila. The cross oi white-eyed female by 
red-eyed male, the reciprocal of cross shown in Fig. 479. Females at left, males at right. 
(From Morgan, Sturtevant, and Bridges, Mechanism of Mendel Ian Heredity, Henry Holt and 
Company, Inc.) 

one with an X chromosome carrying the gene for red eyes and the other 
with the Y. Crossing the hybrids would give the results shown in Fig. 479; 
one homozygous red-eyed female, one heterozygous red-eyed female, a 
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Fig. 481.—The inheritance of color-blindness in man (a sex-linked character). Matings 
as follows: 

I. Normal female and color-blind male 

II. Carrier female and color-blind male 

III. Color-blind female and normal male 

IV. Carrier female and normal male 

(2) White-eyed female and red-eyed male. —The reciprocal cross 
works out in a little different manner. In crossing a white-eyed female 
with a red-eyed male, the Fi females will be heterozygous, red-eyed 
females with one X chromosome carrying the gene for red eyes and one X 
chromosome carrying the gene for white eyes; the males will be homo¬ 
zygous white-eyed males with one X chromosome carrying the gene for 
white eyes and the Y chromosome. If the hybrids are mated, F 2 will be 
one homozygous white-eyed female, one heterozygous red-eyed female, 
one red-eyed male, and one white-eyed male, or proportions of 1:1:1:1; 
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but the phenotype percentages will be 50 per cent white-eyed flies and 
50 per cent red-eyed flies, or 25 per cent red-eyed females, 25 per cent 
white-eyed females, 25 per cent red-eyed males, and 25 per cent white¬ 
eyed males (Fig. 480). 

b, Sex4inked Characters in Man, (1) Color blindness.— Color 
blindness is a sex-linked character in man. It is inherited exactly as are 
the sex-linked characters in Drosophila, I'hc possibilities of the inheritance 
of this defect are shown in Fig. 481. Normal eyes arc dominant over color¬ 
blind eyes. It will, ihereforc, take tw^o doses of the defect to produce 
color-blindness in the female, because the character is recessive. If the 
gene for normal eyes is present in one of the .V chromosomes, she will 
appear normal even though the other X chromosome carries the defect, 
wdiereas in the male, only one dose wdll produce color-blindness, the Y 
chromosome having no normal allele to obscure the flefect. 

(2) Hemophilia. —Hemophilia is also a sex-linked character. The 
individuals with this defect have blood that clots very slowly. They are 
in danger of bleeding to death, even from a small wound. It is also a 
case of “crisscross’* inheritance, the manner of inheritance being the 
same as for color-blindness. 

7. The Determination of Sex. —How sex is determined has been a 
favorite subject of speculation since the dawn of time. In 1902, McClung 
suggested that the X chromosome was related to the determination of 
sex. Howev^er, he did not examine the chromosomes of the female insect 
and did not learn that she had two XX chromosomes. He supposed that 
she had none. Later, Miss N. M. Stevens (1905) and, shortly after that, 
E. B. Wilson worked out the relations of chromosomes to sex as we know 
them today. Many other workers, especially Bridges, have added to these 
early studies. 

a. In Drosophila. (1) Normal mechanism of sex determination. 
As Fig. 478 shows, the female Drosophila has two X chromosomes, and 
the male has an X and a F. When the gametes are formed, all the eggs 
will contain an X, whereas the sperm will be of two kinds, one type con¬ 
taining an X and one type containing a F. It is evident that the egg 
fertilized by the sperm containing a F will produce a male and that the 
egg fertilized by the sperm containing an X will produce a female. Males 
and females, then, will be produced in equal numbers. It must be borne 
in mind that it is the genes inside the chromosomes that are responsible 
for appearance of characteristics and not the chromosomes themselves. 
No character or gene has been discovered for maleness or femaleness. 

(2) Nondisjunction. —Occasionally it has been found that during 
the reduction division of the egg, some of the chromosomes fail to go 
into the cells in the normal way, one or more being left behind. Figure 
482 shows what may happen when one of the X chromosomes is left 
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behind. The egg may have XX and the polar body, no Z; or the egg 
may have no X and the polar body, XX, If now the egg with one set of 
autosomcs and XX were fertilized, the result would be a female with the 
normal two sets of autosomes and XXX (superfemale). As we shall see 
this would upset the relationship between the number of autosomes and 
the X chromosomes. The other conditions that would arise are shown 
in the Figure 482. 



SPERM 
WITH Y 

Fig. 482.'—"Nondisjunction of the X chromosome. (1) Normal disjunction and fertiliza** 
tion; (2) and (3) results of nondisjunction of the X chromosome and later fertilization of the 
eggs containing the normal haploid set of autosomes (A) and two X chromosomes^ or egg 
with a haploid set of autosomes (A) only. (Based on Bridges.) 

(3) Genic balance. —From his work with triploid flies, Bridges 
concluded that there are more female characters in the X chromosomes 
and more determiners for maleness in the autosomes; in other words, 
the determination of sex is a matter of genic balance. In triploid flies, 
there are three sets of autosomes and three X chromosomes (Fig. 482JS). 
This condition could come about in several ways through nondisjunction. 
If there were a failure of reduction division and the egg contained two 
sets pf autosomes and two X's aud this were fertilized by a sperm with 
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the usual one set of autosomes and either X or F, the results would be 
triploid flies with SA : 3X or : XX F. 

(4) Intersexes in Drosophila. — The genic balance may be upset 
when triploid Drosophila are bred. As has been said, there are more 
determiners for maleness in the autosomes of Drosophila than there are 
determiners for femaleness. Therefore, if an egg cell containing two sets 
of autosomes (instead of one normal set) and one X chromosome were 
fertilized by a normal sperm cell containing one set of autosomes and 
one Xy the result would be and an intersex would result (Fig. 

383£). The determiners for maleness in the extra set of autosomes would 
overbalance the determiners for femaleness in the 2X chromosomes. 


A B c 



3a:xxx 2a:3 

NORMAL? triploid J SUPER-FEMALE 


D E F 



2a: xy ^ 3a : xx 3 a:xy 

NORMAL 0 INTERSEX SUPER-MALE 


Fis. 483.—Effect on sex of the balance between X chromosomes (solid) and autosomes 
in Drosophila melanogaster. (Adapted from Sinnott and Dunn, Principles of Genetics, by 
B. Shamos.) 

In the superfemale, the extra X chromosome gives a preponderance of 
female characters, and the animal has the female characters exaggerated. 
In the same way, the characters for maleness in the extra set of autosomes 
in the 3A:XV males (Fig. 483F) produces a supermale with the male 
characters exaggerated. Both superfemales and supermales are sterile. 

6. In Man. —In man, sex is of the XX type for the female and XV 
for the male. It has been determined that there are 24 pairs, including 
two XX, in the female germ cells before reduction division and that 
there are 24 pairs, including an X and a F, for the male cells (Fig. 484). 

c. Birds and Moths. —In these animals, as well as in some others, the 
individuals heterozygous for sex chromosomes are the females (AF), and 
the males are homozygous for X chromosomes {XX). These are sometimes 
d^ignated (or XY), female, and ZZ (or XX), male. Sex-linkod 
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characters would follow the Z chromosome and be inherited in exactly 
the opposite manner from the Drosophila type. The mechanism is, how¬ 
ever, obviously the same. 



(CCinccfDxinitf. 


Fis. 484.—Chromosomes of man (male). At left, equatorial plate of a spermatosonium, 
showins typical arrangement of the 48 chromosomes. Y chromosome is near center. At right, 
chromosomes from a somatic cell sorted out and arranged in pairs. (After Evans and Sweezy.) 


d. Special Cases of Sex Determination, —There are some special cases 
of sex inheritance^ as in certain insects, bees, wasps, etc., and also in some 
rotifers and plants. In the bees, for example, the male bee comes from an 


unfertilized egg (page 410) and has, 
therefore, only the haploid number of 
chromosomes that he received from his 
mother. For this reason, he is said to 
have had “no father and no sons but a 
grandfather and grandsons.” A little 
reflection will show how this comes 
about. 

In some other cases, the matter of 
the life cycle is complicated by the fact 
that there are parthenogenetic generationsy 
as in the rotifers (page 329) or in plants, 
by the fact that there are sporophyte 
and gametophyte generations. 

e, Gynandromorphs and Mosaics ,— 



Fig. 485.—A bilateral gynandro- 


Sometimes Drosophila as well as other 
animals appear that have part male 
and part female characteristics. These 
animals start as females. It may be 
supposed that when the fertilized egg 
divides, one of the X chromosomes gets 


morph of Drosophila. Left tide is 
female, left eye red and wing long; 
right side, except abdomen, is male 
with eosin eye and miniature wing. 
Sex comb is on right foreleg only. 
(After Morgan.) 


caught and lost. This gives one of the new cells the normal diploid 
number XX or %A + XX and the other with one X ot^A + X, The XX 


cell develops the female side of the animal and the cell with one X 
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develops the male side (Fig. 485). This type of animal is a gynandromorph. 
If the X were lost in a later division, only a small area with male charac¬ 
teristics would appear in the female fly, and this would be called a mosaic. 

8. Mutations (L. mnto, change).—mutant is a variant or sport 
that arises suddenly or abruptly and breeds true. Another way of saying 
the same thing is that the term mutation h applied to changes or varia¬ 
tions in plants and animals that are inherited. The old name for these 
mutations was ‘‘sports.” Formerly, it was supposed that the differences 
between mutants and their parents were great ones; now it is realized 
that it is not so much the magnitude of the change as it is the herit- 
ability of the change that is important. 

Hugo de Vries, a Dutch botanist, working with the evening primrose, 
found certain types of plants appearing that bred true. On the basis of 
a long series of experiments with these plants, he formulated the muta¬ 
tion theory. Further work upon the cytology of the evening primrose 
revealed that certain of the types that he worked with are the result of 
peculiarities in the behavior of the chromosomes at the reduction division. 
Nevertheless, the theory still stands. 

Some well known mutations that have taken place in plants are 
single flowers changed to double flowers, as in petunias, roses, primroses, 
daisies, etc.; a certain type of tobacco changed so as to produce, on an 
average, 70 leaves instead of the usual 20; a plant that bore yellow sun¬ 
flowers that gave rise to a plant that bore red sunflowers; and the purple- 
leaved beech arising as a mutation from a beech with green leaves. In all 
these cases, the offspring that exhibited these differences from their 
parents gave rise to offspring like themselves; i.e.y the change was in¬ 
herited, and they “bred true.” 

Hundreds of mutations are known to have occurred among animals. 
For example, a male lamb with short, bent legs appeared in a flock of 
sheep in 1791 in Massachusetts. Seth Wright, the owner, realized that a 
sheep with short legs couldn’t jump over fences; so he raised it and 
with it established the famous Ancon breed of sheep. Albinism is a type 
of mutation that is very common. In albino animals, the customary pig¬ 
ment is lacking, and the eyes are defective. The result is a pure-white, 
pink-eyed animal. Largely because of their conspicuousness in their en¬ 
vironment, except in polar regions, albinos do not succeed well in the 
struggle for existence, because they are easily seen by their enemies. 
Hence, although albinism is inherited, albino animals usually do not live 
long enough to pass on their character to their offspring. The race of polled 
Hereford cattle arose from a hornless animal that appeared in 1889 at 
Atchison, Xans. 

The most famous of all mutations are those that have appeared among 
fruit flies of the species Drosophila melanogaster. Millions of flies have been 
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studied by geneticists within the past 30 years, and it is estimated that 
about 1 fly in 50,000 exhibits a new visible mutation. It is estimated 
that Drosophila contains from 2,000 to 3,000 different genes; hence muta¬ 
tions in only a comparatively few of them have been noted in spite of the 
millions that have been examined. 

Causes of Mutations. —We are somewhat in the dark as to the causes 
of changes of genes in nature. Some mutations have been brought about 
by the use of X rays, radium, and heat, and further work along this line 
may shed some light upon the cause of mutations in nature. Mutations 
are rare, and genes are stable substances; otherwise species would change 
often. 

9. Some Special Conditions and Factors Affecting Heredity. 

a. Ploidy. —Sometimes mutations are due to a doubling of the chromo¬ 
some numbers. One pair may be doubled, or the whole set may be doubled, 
tripled, quadrupled, etc. This is known as polyploidy, and many cases 
are known, especially in plants. 

b. Inverftiotiy Deletion^ Etc. —W^hen chromosomes break during syn¬ 
apsis, they may ))0 lost, they may become attached to other chromo¬ 
somes, or they may be joined on upside down from their original position. 
Recalling that in synapsis, like genes lie opposite each other, this dis¬ 
placement results in peculiarities in synapsis. Sometimes parts of chromo¬ 
somes are lost, and synapsis is again of a peculiar type. These deletions 
naturally affect the organisms. 

c. Interaction of Factors. —In some cases, factors that are inherited 
independently act together to produce a giveh character. In this case, the 
expression of the character depends not on one factor but on the inter¬ 
action of two or more factors. Bateson and Punnett discovered the first 
case of this kind while studying the inheritance of combs in fowls. Some 
breeds of chickens have a low oblong rosette-like comb, a “rose” comb; 
others have a narrow-ridged comb, a “pea” comb; still others have 
“single” combs, as the white Leghorns. In breeding experiments, it was 
found that these three types breed true, that rose and pea are both 
dominant over single, but that when rose and pea are bred together a new 
type, walnut, appears (Fig. 486). W’^hen fowls bearing walnut combs are 
bred together, a characteristic 9:3:3:1 ratio for two pairs of characters 
appear. Figure 486 shows the genotypes and the phenotypes of the cross. 
The explanation appears to be that a single dominant factor R will pro¬ 
duce the rose comb, a single dominant factor P will produce the pea comb, 
but the walnut comb depends upon the presence of two dominant factors 
R andP. The combination of the recessive alleles of these factors (r and p) 
will produce the single comb (Fig. 486). 

Another case of interaction of factors, somewhat dififerent from the 
foregoing, is shown by Batespn’s cross of two white-flowered sweet peas 
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Fis. 486.—Diagraifi showing interaction of factors for comb form in fowls. The cross of a 
pure rose^omb bird with a pure pea-comb gives all walnut-combed offspring. The sixteen 
possible combinations of the Fi gametes, with their genotypes and the phenotypes resulting 
from factor interaction, are shown in the F 2 checkerboard. (From Sinnott and Dunn, Principles 
of Genetics.) 
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that produced only purple-flowered sweet peas in the Fi, These resemble 
somewhat the wild Sicilian ancestor of the cultivated sweet peas. When 
these were bred together, there were nine-sixteenths purple and seven- 
sixteenths white-flowered peas (Fig. 487). As shown by the chart, the 
purple color appears only when two dominant factors are present. There 
is evidently some sort of interaction between them. White color is evi¬ 
dently due to the absence of either or both of these factors. 

Whtff White 

CC pp cc PP 

Purple 
Cc Pp 


Pb 

r, 



Fis. 487.—The 9:7 ratio. Checkerboard showing the expected composition of F 2 from 
a cross of two white-flowered sweet peas which produce all purple-flowered plante in Fi. 
(From Sinnott and Dunn, Principles of Genetics.) 


The ratio is evidently the 9:3:3:1 ratio expected in The three 
types of white-flowered peas, however, added together, equal seven, and 
the ratio is 9 colored, 7 white. 

d. Lethal Factors .—Genes exist that will cause the death of an organ¬ 
ism if they are present in double dose, i.e., in homozygous condition. 
When present in the heterozygous condition, however, the lethal is 
balanced by its normal allelomorph and the animal survives. Only two 
of many lethal factors discovered will be mentioned. 

1. Yellow and Black Mice. —In a cross between yellow and black 
mice, it was found that the ratio in the Fi generation was 1:1 instead 
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of all yellow, as was expected, since yellow was known to be dominant 
over black. Also, when yellow animals were mated with yellow, the ratio 
was 2:1 instead of the expected 3:1. The explanation of this is that the 
animal homozygous for yellow dies (Fig. 488). The yellow mice that 
survive are, therefore, heterozygous for yellow and black. 




Fig. 488,—Lethal factors in mice. Mating two yellow mice gives one-fourth dead 
embryos, one-half yellow, and one-fourth black mice. The homozygous yellow mouse does 
not survive. (From Slnnott and Dunn, Principles of Genetics.) 


(2) Tumors in Drosophila. —Many lethal genes have been dis¬ 
covered for Drosophilia. One of these, discovered by Bridges and worked 
out by Miss Stark, is a lethal that causes tumor in the larvae. It is a 
recessive sex-linked character and is inherited according to all the rules 
for this type of inheritance. If a female carrf^ing the factor for tumor is 
mated to a normal male, in their offspring one-half of the males receive 
the factor and die; the other half are normal. Also, there are two kinds 
of females, those that are normal and those that carry the defect. Since 
the lethal is balanced by its normal allelomorph in the heterozygous 
flies, all the females survive. 

e. Multiple Factors ,—It is possible for two or more independent genes 
for the same character to exist; either of them is able to produce the 
character independently but when combined in the same individual, 
the character is more pronounced. According to Davenport, for example, 
the skin of a full-blooded Negro is due to two factors lacking in the white 
race. In a Negro-white cross, -f* bb,Vb\ the Fi individuals 

would be BbyB^b' and be of medium lightness. If now mulattoes of this 
formula should marry, the possibilities would be 15 mulattoes of varying 
degrees of lightness to 1 white. There would be only 1 full black, on an 
average, out of the 16 combinations. There would be varying degrees 
of lightness and darkness according to the number of genes of a kind 
in an individual. For example, Bb,W would be very light, and BByB'b' 
would be quite dark. Some authorities believe that more than two pairs 
of factors are involved in the Negro-white cross. 
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. _ -Effect of ielection. Although the anceitry of dogs is somewhat in doubt, 

these breeds show what can be done by selection for various features. (A) Pekingese, (B) 
Brussels griffon, (C) dachshund, (D) pug, (E) Engiish setter, (F) Pomeranian, (G) pointer, 
(H) cocker spaniel, (I) wire-haired fox terrier, (J) Ruuian wolf hound, (K) Scottish terrier, 
(L) Saint Bernard, (M) German shepherd, (N) Afghan hound, (O) English bull, (P) beagle 
hound. (G, courtesy of the Waldecfc Kennels; ethers, by courtesy of Dog News.) 
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When multiple factors are present, as in certain coat colors of rodents, 
selection of only the lightest, or the darkest, for breeding purposes for 
many generations will produce a light, or a dark, race. The influence of 
selection is shown in our domestic animals (Fig. 489). 

/. Dominance Modified by Sex .—There are some cases of inheritance 
that are modified by sex hormones. These characters are not sex-linked 
and are dominant in one sex and not in the other. Horns in sheep arc 
examples of this type of inheritance. In the Dorset breed of sheep, both 
sexes are honied, and in the Suffolk, both sexes are hornless. If these 
breeds are crossed, the males in the first generation are homed, and the 
females are hornless; yet their genetic formula, as far as horns are con¬ 
cerned, is the same (Hh). If now these hybrids are bred together, there 
will be an average of three homed males to one hornless male and three 
hornless females to one horned female. Obviously, all males that are 
HH OT Hh will be horned, and only hh males will be hornless, whereas all 
females will be hornless that are either Hh or hh; only the HH females will 
be horned. 

Baldness in man is supposed to behave in some such manner, but if 
this were true there would be more bald-headed women than there arc. 
It is possible that the hormone in this case is more inhibitive than in the 
case cited above. 

10. Pure Lines. —Plants that are self-fertilizing tend to be homozy¬ 
gous. Johanssen, a Danish botanist, worked with garden beans {Phaseolus 
vulgaris)^ which are self-fertilizing, in his experiments on the effects of 
selection. His apparently homozygous “nineteen beans” have become 
famous. Starting with a mixed population of 19 beans, he kept the 
progeny of each one separated, or isolated, and secured 19 lines that 
differed from each other in some respects. Selection within these lines 
produced no effect. If he selected large seeds from one line, the plants 
grown from them tended to produce large seeds, but there was a fluctua¬ 
tion within the original extremes of that line. The same was true if he 
selected small seeds from any of the original lines. His conclusion was that 
selection within a pure line is without effect in modifying any character 
in the offspring of that line. 

11. Inbreeding. —If strains that contain defective genes are inbred, 
they are likely to show defects. The genes for certain human defects have 
been studied, such as cataract, goiter, albinism, deafness, insanity, and 
feeble-mindedness. Many of these genes are recessive. If only a single 
gene for the defect is present, the normal gene will balance it, and the 
person will appear normal. If two genes are present, however, the defect 
will appear. When one has a knowledge of how genes for defects are 
transmitted, it is easy to understand why inbreeding is sometimes harm¬ 
ful. Closely related plants and animals tend to carry the same genes for 
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defects, and when these are bred together some of the offspring receive 
two genes for the same defect, which will then appear in them. 

Inbreeding is not always harmful, however. The Jersey cow is a very 
much inbred race, and so are certain good varieties of cotton and corn. 
In these cases, instead of defects, many favorable characters are present. 



Fig. 490.—The cross between a male ass, or jack (A) and a female horse, or mare (B), 
results in a hybrid, a mule (C). (A, courtesy Wm. E. Morton/ B and C, courtesy of U.S. 
Biological Survey.) 

1^. Hkterosis or Hybrid Vigor. —It is well known that cross¬ 
breeding in plants and animals is beneficial, leading to increased vigor 
for a time. This hybrid vigor, or heterosis (Gr. heterosis^ alteration) is 
due to the fact that races or lines within a species will have various 
desirable characteristics. Some may excel in size, some in resistance to 
disease; some may be more productive. When crosses are made, several 
of these characteristics are brought together. They cannot be fixed, for 
at the reduction division during the maturation periods they will again 
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sort out, and continued inbreeding will lead to loss of vigor. This is the 
exact opposite of inbreeding, where only the best traits are selected and 
all weaklings eliminated. 

13. Telegony. —Many animal breeders believe that if a female is 
bred to a male, this male will not only influence the character of the 
offspring resulting from the mating but will influence offspring that are 



C 

Fig. 491.—The cross between a male horse, or stallion (A), and a female ass, or jenny (B), 
results in a hybrid called a hinny (C). This animal it smaller than a mule but more horse-like. 
(A, courtesy of U.S. Biological Survey; B, courtesy of W. E. Morton; C, courtesy of L. M. 
Montees and Sons.) 

the result of subsequent matings. There is no real evidence to support 
this theory of telegonyy as the belief is called.* 

14. Crossing Different Species. —In plants, wide crosses are 
sometimes made. For example, the radish (nine chromosomes) can be 
crossed with a cabbage (nine chromosomes); the hybrid, however, is 
sterile except under favorable circumstances. 

One of the reasons why hybrids that are the result of crossing different 
species are sterile is that the chromosome mechanism is upset. If the 
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Fig. 492.-~Thc Kallikak family. (From Woodruff, Foundations of Zoology, The Macmillan 

Company.) 


Of the 480 descendants, in five gener¬ 
ations, of this branch, 143 are known to have 
been feeble-minded, 36 illegitimate, 33 
sexually immoral—mostly prostitutes, 24 
alcoholic, 3 epileptic, and 3 criminal. 82 
died in infancy. 


Of the 496 descendants, in five gener¬ 
ations, of this branch, none were feeble¬ 
minded, and all but 2 were normal mentally. 
2 were alcoholic and 15 died in infancy. 
Thus nearly all were good citizens. Among 
them were educators, physicians, lawyers, 
judges, traders, landowners^men and women 
prominent in every phase of social life. (After 
Goddard.) 


nism of reduction division, etc. Sometimes a complete set of chromosomes 
from one of the parents is segregated in a germ cell, and this cell is capable 






750 


BIOLOOy: THE SCIENCE OF LIFE 


of being fertilized. Although this is a rare occurrence, it explains why 
certain hybrids, usually sterile, are occasionally fertile. 

Among mammals, the mule is an example of a cross between different 
species, the ass and the horse. The common mule (Fig. 490) is an offspring 
of a male ass and a female horse; the hinny (Fig. 491) is the offspring of a 
female ass and a male horse. In both cases, the superficial characters and 
the voice are inherited from the father, and the strength, stature, and 
symmetry are inherited from the mother. The mule has the voice of the 
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Fig. 493.—The Darwin, Wedgwood, and Galton families. Black squares represent 
unusual ability; R ~ Fellow in Royal Society. The chart probably does not tell the whole 
story as the women had little opportunity to show their mental gifts. (Courtesy of Dr. S. J. 
Holmes.) 


ass, small hoofs, scanty mane and tail; the hinny is more horse-like, is 
smaller, and has the voice of the horse. Only rarely is the mule able to 
breed: it has been said that it is an “animal without pride of ancestry 
or hope of posterity!’’ It is, however, a desirable animal, because it 
combines some of the best qualities of both the horse and the ass. It is 
less excitable than the horse, is sure-footed and able to thrive on poor 
food. This is the inheritance from the ass. From the horse are inherited 
size, speed, strength, and spirit. Mules are good work animals. 

Many phases of inheritance are not discussed here on account of the 
technical aspects of the subject. Some of these are modifying factors^ the 
effect of genes upon each other^ the manifold effects of a single gene^ and 
others. For a discussion of these, the interested student is referred to any 
of the excellent supplementary texts listed at the end of this chapter. 
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15. Inheritance in Man. —Inheritance in man follows the same 
laws as inheritance in other organisms. Sex-linked characters for color 
blindness and hemophilia have been described. There are many more 
cases, as shown by the table that follows, in which the mechanism or type 
of inheritance has been determined; there are many other cases, mainly 
defects, known to be inherited, but their type of inheritance is obscure. 

Good and bad human stocks are well known. Perhaps the best worked 
out case is that of the Xallikak family (Fig. 492). Study of this chart 



Fig. 494.—Diasram to illustratt the Influence of heredity, environment, and training in the 
development of an individual. The heredity It assumed to be a constant in the particular indi¬ 
vidual, but heredity is expressed in different ways according to the environment and training. 
Thus various types of individuals, as represented by the several triangles, may be produced 
from zygotes having the tame hereditary potentialities. (From Conklin, Heredity and Environ¬ 
ment, Princeton University Press.) 

shows two distinct lines, the same man being the progenitor of the two 
lines. The defective line begins with a feeble-minded girl, and the good 
line begins with a normal woman. 

The famous Edwards family presents a very different picture, but 
the principle is the same. The descendants of Jonathan Edwards and 
Elizabeth Tuttle have many famous people among them. This combi¬ 
nation was one of the best, producing a superior human strain. Later 
Jonathan Edwards married Maria Talbott. Their descendants have not 
distinguished themselves. They are good citizens but are not to be 
compared with the Edwards-Tuttle descendants. 

It should be noted that the defective line of the Kallikak family 
lived in a poor environment, while the normal line had the advantage 
of a good environment. Environment alone, however, cannot explain 
the differences in the two lines of this family. 

Both lines of the Edwards family enjoyed superior environment, and 
this doubtless contributed to the development of this family. Yet only 
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InH£K 1T£U CHAiiACTEHS IN MaN * 

1. Blending 

General body size, stature, weight, skin color, hair form (in cross section, correlated 
with straightness, curliness, etc.), shape of head, and proportions of its parts (features). 


2. Metidelian 


Dominant 


I Spotted with white 


Recessive 

Blond or albino (probably mul¬ 
tiple allelomorphs) 

Uniformly colored 


. ... /Tylosis and ichthyosis (thickened Normal skin 

Skin and hair < , , . x 

I or scaly skin) 

/Epidermolysis (excessive formation Normal skin 
I of blisters) 

Ulair beaded (diameter not uniform) Normal hair 


Skeleton 


I Front of iris pigmented (eye black, 
brown, etc.) 

Here<Iitary cataract 
Night blindness (when not sex- 
limited) 

Normal 

i Brachydactyly (short digits and 
limbs) 

Polydactyly (extra digits) 
Syndactyly (fused, webbed, or re¬ 
duced number of digits) 
Symphalangy (fused joints of digits, 
stiff digits) 

Exostoses (abnormal outgrowths of 
long bones) 

i Hereditary fragility of bones 


Only back of iris pigment(>d (f‘ye 
blue) 

Normal 

Normal 

Pigmentary degeneration of reliiiM 


Normal 

Normal 

Normal 


Normal 


Kidneys 


'Diabetes insipidus (excessive pro- Normal 
duction of urine) 

Normal Alkapto 


Alkaptonuria (urine black on 
oxidation) 


Nervous ^Huntington’s chorea 

system (Normal 


Normal 

Hereditary feeble-mindedness 


S. Mendelian and Sex4inked 

(Appearing in males when simplex but in females only when duplex) 
Dominant Recessive 

Normal Gower’s muscular atrophy 

Normal Hemophilia (bleeding) 

Normal Color blindness (inability to distinguish red from green) 

Normal Night blindness (inability to see in faint light) 

* From Castle, ** Genetics and Eugenics,*' Harvard University Press, 
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4. Probably Mendclian but Dominance Uncertain or Imperfect 

Defective hair and teeth or teeth alone, extra teeth, a double set of permanent teeth, 
harelip, cryptorchism and hypospadias (imperfectly developed male organs), tendency to 
produce twins (in some families determined by the father; in others, by the mother), left- 
handedness, otosclerosis (hardness of hearing owing to thickened tympanum). 

5. Subject, to Heredity But to What Extent or Ilmv Inherited. Uncertain 

General mental ability, memory, temperament, musical ability, literary ability, artistic 
ability, mathematical ability, mechanical ability, congenital deafness, liability to abdomi¬ 
nal hernia, cretinism (due to defective or diseased thyroids), defective heart, some forms of 
epilepsy and insanity, longevity. 

one line has shown numbers of superior individuals, indicating that the 
Edwards-Tuttle combination was an excellent biological combination. 

The pedigree of the Darwin, Wedgwood, Galton families (Fig. 493) 
clearly demonstrates the inheritance of mental ability. It can be no 
accident that so many distinguished people have come from these 
families. 

Talent is likewise inherited as the history of the famous Bach family 
shows. Many cases might be cited to show that talent, or mental ability, 
or both, “runs in families,” but enough has been said to show that many 
human traits are definitely inherited (see table, page 752). 

Nature vs. Nurture .—Experiments seem to prove that equal training 
does not change inborn differences, good or bad. Certainly some traits 
are more modified by environment than others, and a good environment 
will bring out latent ability (see above). Figure 494 shows that heredity 
is expressed in different ways according to environment and training. 

The table on page 752 gives a list of some human characters and their 
mode of inheritance. 

Questions 

1. What are some of the earliest known cases of hybridization? 

2. Distinguish between the following types of variations: structural, physiological, herit¬ 
able, and nonheritablc. Could you prove that some apparently heritable characters 
are really not inherited? 

3. Explain fully the relation between the reduction division in the germ cells and the 
possibilities of inheritance. 

4. Give a short account of the life of Mendel. 

6. What two “laws’’ of heredity result from Mendel’s work? What four “laws’* of 
heredity have been added by Morgan and his associates? Who established the theory of 
linear order of the genes? Is there any other spatial relationship of the genes that 
would account for the genetic results obtained from crosses? Explain fully. Explain 
crossing over. How arc new genes located? 

6. If you wish to have a bed of pink four-o’clocks, how would you plan for it? 

7. Why do not the blue Andalusian fowls breed true? How could you plan to keep a flock 
of these blue Andalusian fowls? 
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8 . Describe the types of linkage. Why is a sex^linked character somewhat easier to follow 
than the other type? What are some sex-linked characters in man? How is the number 
of linkage groups limited in organisms? 

9. Give a full account of sex determination in Drosophila; man; moths; birds. What is 
meant by genic balance? Show how normal sex conditions are sometimes upset. Ex¬ 
plain the differences between gynondromorphs, intersexes, and mosaics. 

10. Explain Dc Wies’s mutation theory. With what plants did he work at first? Was this 
good material? How do mutations arise? Are they common? 

11. How' w'ould ^'ou explain the fact that a cross between pea and rose-comb chickens give 
W'alnut-comb fowds? What result is obtained from crossing two w'alnut-coinbed chickens 
with the genetic formula RpPr? 

12. Show' how the presence of multiple factors affects the results of selection. 

13. Is inbreeding ahvays harmful? Explain. In determining differences between individuals, 
which is more important, inborn genetic traits or training? (iive reasons for your 
answ'er. 

14. Explain the occurrence of families in which there are many brilliant people. Would 
environment alone explain the Kallikak family? Give reasons for your answer. Gan yon 
explain (1) W'hy exceptional children are sometimes born of parents with average menial 
ability; (2) why brilliant parents sometimes have mediocre children? 

15. In studying the differences between the effect of liert'dity and enviroiimeut, in what 
w'ays might the study of identical twins be valuable? 

16. Define, as related to genetics: ploidy, inversion, deletion, factor, gene, allelomorph, 
homozygous, heterozygous, interference, heterosis, telegony, mule, hinny. 

Problems 

1. In summer squashes, w’hite fruit (HO is dominant over yellow {w)» Cross a white sum¬ 
mer squash with a yellow, and work out the possibilities for Fi and Fi, 

2. In summer squashes, white summer squashes (HO are dominant over yellow (ta), and 
diskshaped squashes (D) are dominant over sphere (d). Ooss a while, disk-shaped 
squash with a yellow sphere-shaped squash, and work out the possibilities for Fi and F^- 

3. In man, browm eyes (B) are dominant over blue (b). A blue-eyed man marries a brown¬ 
eyed woman. What would be the color of the eyes of their children? Suppose one of 
these children grew up and married a woman with the same inheritance that he has as 
to eye color {Bb), What are the possibilities for eye color for their children? Make a 
diagram show'ing inheritance of eye color in these cases. 

4. If one of the blue-eyed children in the preceding cross should grow' up and marry 
another blue-eyed individual, what type eyes would their children have? Explain fully. 

6. Eight-handedness (E) and brown eyes (E) are both dominant characters; blue eyes 
(6) and left-handedness (r) are both recessive characters. If a right-handed brown-t»yed 
man marries a left-handed, blue-eyed woman, what type of handedness and w'hat eye 
colors would their children have? Suppose one of these children grew up and married a 
brow'n-eyed, right-handed man whose mother was blue-eyed and left-handed and whose 
father was brown-eyed and right-handed; what would be the possibilities for inheritance 
of handedness and eye color in their children? Work'out the possibilities for inheritance 
in this case. 

6. In cases of disputed paternity, would it be possible to use what we know of the inherit¬ 
ance of eye color to help in settling the dispute? 

7. Color blindness is a sex-linked character in man. Construct a diagram to show how a 
man must inherit color blindness. Construct another diagram showing how a woman 
may inherit color blindness. Explain why there are not many color-blind women. 

8 . Tumor is a sex-linked character in fruit flies that kills the male larvae. Construct a dia¬ 
gram showing the only way it can be inherited. 
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CHAPTER XLVI 

ADAPTATIONS 


Marvel how a bat discerns. 

Some pitch black cavern’s fifty turns. 

Led by a finer tact, a gift 

He boasts which other birds must shift 

Without, and grope as best they can. 

—^Hrownino. 

I. The Strussle for Existence 

Adaptations of organisms to the cnvironmt'nt may be of great impor¬ 
tance in enabling them to survive in the struggle for existence. When 
conditions become unfavorable for life, organisms must do one of three 
things; adapt themselves to new conditions, migrate, or become extinct. 
In addition to remaining alive, organisms must leave offspring, or there 
will be no survival of the race. 

A. The Wealth of Life.—In another section (page 670), attention has 
been called to the wealth of life. If all the descendants of even one pair 
of flies survived, they would soon take the earth. Linnaeus once said 
that “three flies would destroy a dead horse as quickly as a lion.’’ But 
millions of flies are destroyed by birds; millions more die from starvation, 
etc. And so the number remains constant; i,e,, nature establishes a 
balance (page 58). 

The struggle for existence is threefold: (1) with the conditions of 
life, (2) for competition for food among individuals of one species, as 
among flies, and (3) for competition for food among different species, as 
between flies and other insects. 

No plant or animal is entirely isolated from other plants and animals. 
Organisms must be able, therefore, to live together without destroying 
one another and to adapt themselves to the activities of their neighbors. 
In some cases, one type of organism depends upon another species for 
food; or two species may live together and be of mutual benefit (sym¬ 
biosis^); or one species may live as a parasite upon another. 

B. The Environment. —^A large part of the life of an organism is 
concerned with the struggle with the environment itself (Fig. 495). 
Both plants and animals have certain fundamental requirements, and 
these are related to the environment in which they live. Whether the 

^ For a description of symbiosis, types of communities, etc., refer to Chap. VI. 
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urganism is a plant or an animal, foody moisturey and air are usually 
needed. For most living things, a definite range of temperature is essential, 
and light is an important factor. Naturally, there are special requirements 
for special cases. For example, plants and animals that thrive in the 
desert would not do well in the Arctic Circle. And this is what is meant 
by one type of adaptation—the methods by which plants and animals 
have adapted themselves to every sort of environment. Other types of 



Fig, 495,—Response to environment "Wind-blown** tree in Maine. (Courtesy of Edith 

Mortensen.) 

adaptations are modifications for food getting, breeding habits, and the 
like. Man has learned to control his environment and may live anywhere 
he pleases, provided there is food supply and air. 

It is of practical value to know the relations of living things to the 
environment. For example, knowing that the malaria parasite has become 
adapted to live a part of its life cycle in an Anopheles mosquito, man is 
able to take steps to protect himself against this type of mosquito (page 
274). The whole science of agriculture is based upon the fitness of plants 
to grow in certain environments (see Chap. VI), 

II. Orisin of Adaptive and Nonadaptive Characters 

The question of explaining how adaptations arose that enable organ¬ 
isms to fit so perfectly into their environments naturally arises. In general, 
weaker organisms are soon weeded out in the struggle for existence by 




758 


BIOLOGY: THE SCIENCE OF LIFE 


the process of natural selection. But it must be borne in mind that vari¬ 
ations brought about purely through the influence of the environment 
do not survive; there must be a change in the germ plasm if the character 
is to be inherited. The environment, however, may determine how the 
character is to be developed. For example, among Drosophila is a charac¬ 
ter known as abnormal abdomen. If flies having this character in their 
germ plasm are reared in damp bottles, the defect appears; if they are 
reared in dry bottles, it does not appear. Yet normal flies do not develop 
abnormal abdomens if they are reared in damp bottles, showing that the 
defect is definitely inherited and that only a damp environment will 
cause it to develop. Certainly natural selection (page 797) plays a part 
in the selection of the fit, but this principle alone is not sufficient to explain 
the origin of adaptations. It must be borne in mind also that all structures 
that appear are not useful; that all organisms are not perfectly adapted 
to their environments; that it is diflScult to explain the very beautiful 
colors, patterns, and shapes of some animals that lie buried in the mud 
or that live in the deep sea. In spite of all this, however, the biological 
picture will not be complete without some mention of adaptations, useful 
and nonuseful. 


III. Some Adaptations of Plants 

Plants live in every type of environment, and they have developed 
many types of structures that enable them to adapt themselves to various 
factors in their surroundings. Two important sets of factors affect the 
plant: those included in the general term dimate and those connected with 
the character of the soil. For adaptive responses to light, gravity, etc., 
see Chap. VI. 

A. Adaptations to Moisture.—Although one of the “must haves” 
of plants is a sufficient water supply, they are adapted to live and thrive 
in situations of all degrees of dryness and wetness. The average living 
plant body is about 90 per cent water, all the materials necessary for life 
activities, nutrition and the like, are dissolved in water, and the processes 
of diffusion and osmosis are dependent upon its presence. Furthermore, 
if the cells are not kept filled with water, the plant wilts and soon dies 
(page 145). 

1. Desert Plants, or Xerophytes (Fig. 25).—^The xerophytes 
thrive in dry situations. Some of their adaptations to dryness are great 
development of root in proportion to that of the shoot, as shown by the 
mesquite tree of the Southwest, which sends its roots down 50 to 70 ft., 
though the tree itself does not reach a height of more than 20 to 
40 ft.; development of horizontal roots to absorb chance rainfall; reduced 
leaves, which may disappear altogether and whose functions may be 
taken over by the modified stem; development of hairs and spines. In 
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some cases, the stem becomes succulent and fleshy, as in the case of the 
cacti. 

2. Water Plants, or Hydrophytes (page 57).—Water plants 
have very different structures from those of the xerophytes. They do not 
exhibit the great root systems of the drought-loving plants; their root 
systems may be much reduced or absent altogether; the stems are weak 
since the water buoys them up to some extent; leaves that are submerged 
are often small or disseck'd into small parts; floating leaves may be quite 
large (Fig. 91), such as those of the water lily; large air passages, as well 
as air bladders, are often developed that aid in keeping the plant afloat. 
In addition to all these adaptations to living in the water, bog and swamp 
plants have a typically spongy structure. In cypress swamps, “knees'* 
are developed (Fig. 64); the reason is not well understood. It has been 
suggested that they are for aeration of the trees, but this has been 
disputed. 

3. Plants Needing Moderate Water Supply, Mesophytes (page 
57).—These include the familiar plants. Their root, stem, and leaf 
systems are well developed and the cuticle rather thin. 

B. Special Adaptations of Seed Plants.—The seed plants exhibit 
special adaptations for securing and preventing pollination; they develop 
hooks, barbs, hairs, and the like to aid in seed dispersal (Chap. XIII). 

IV. Adaptations of Animals 

The adaptations of animals to their environment involve all the organs 
and all the physiological processes that make up the activities of the 
animal. Different animals are adapted to different conditions in different 
ways. Thus, aquatic insects and fish are able to move and obtain oxygen 
under water, but the methods by which these activities are accomplished 
are very different. A review of the morphology and behavior of any 
animal will show how wonderfully it is adapted to life in its particular 
environment. Each species of animal, however, is not adapted to a certain 
habitat to the exclusion of other species, but many species of animals and 
plants may live in one habitat, in communities (page 871). 

A. Adaptive Radiation.—It was pointed out by Osborne that diversi¬ 
fied mammalian fauna arises in large isolated regions where there is a 
variety of environments, i.e., variations in soil, climate, vegetation. 
The need for food and safety is given as the primary cause of adaptive 
radiation and, for this reason, the teeth and limbs are the main structures 
that show modifications. It is further pointed out that the modifications 
of the teeth and the limbs do not necessarily parallel. 

Organisms of different groups may develop, or possess, similar charac¬ 
ters not due to kinship, but usually to similarity in habits or environment. 
This is what is meant by convergence or parallelism. Divergence is the oppo- 
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site phenomenon, the tendency of animals to radiate into various 
types of environments and become adopted to them (adaptive radiation). 

1. The Mammalian Teeth. —The type of dentition of mammals is 
heterodont (Gr. heterosy other; odon, tooth); i.^., there are several types 
of teeth, each with a different function. A typical set includes inevtors. 
mainly grasping, in front; caninesy which may be used for offense and 
defense as well as for grasping and tearing; premolars, which may be 
used for shearing or grinding; and molars, for grinding (Fig. 367). 

Using the teeth of mammals to illustrate radiation, the stem or focal 
form is thought of as the insectivorous type, with teeth suitable for crushing 
feeble prey. The table that follows' shows radiation in four directions: 


Illustration op Divergence in Pour Directions prom a Primitive Insectivorous 

Stem 


Carnivorous 

Omnivorous 


"Insectivorous^^ 


Herbivorous 

Ant-eating type 
(Myrmecophagous) 


a, Insectivores .—These have low-crowned, sharp-pointed teeth, hav¬ 
ing few cusps; an example is the armadillo. 

h. Carnivores ,—The teeth of lions, eats, etc., are suited for seizing 
and cutting up flesh. The attachment of the jaw to the skull is of the 
hinge type, allowing little lateral movement of the teeth, which shut past 
each other somewhat in the manner of a pair of shears, and hence are 
called shearing teeth. Cats have almost no true grinding teeth; dogs, with 
a less specialized diet, have both shearing and grinding teeth. Flesh- 
eating, carnivorous animals like seals have simplified teeth. 

c. Herbivores ,—The incisors of herbivorous animals are fitted for 
seizing and cutting vegetation. In the ruminants the upper incisors 
are lacking; the lower ones bite against a horny pad (cow). Canine teeth 
of the herbivores may be used in fighting (musk deer); otherwise they are 
of little importance. The grinding teeth, however, are broad and have 
some intricate patterns (Fig. 522). Folds of hard enamel are imbedded 
in the softer dentine. The dentine wears, keeping the surface rough, which 
aids in the mastication of the grain or vegetable foods. 

There are various types of teeth fitted for various types of vegetation. 
Succulent twigs, tender vegetables, leaves, etc. do not require as efficient 
teeth as do the harsh grasses. Horses have teeth especially fitted for 
handling the latter type of vegetation. 

d. Omnivores ,—Some animals, primarily carnivores, as the bears, 
become adapted to the omnivorous diet. In man, an omnivorous type, 
there are few cusps on the molar teeth and little distinction in the incisors 
and canine teeth (Fig. 367). 

^ Adapted from various sources; mainly from Lull. 
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In rats, beavers, and other rodents, the front teeth are prominent 
and chisel-like, and the back teeth have the enamel ridges parallel to 
each other. This is an adaptation to the “fore-and-aft” movement of the 
jaws, which is a different type of motion from that of cither the carnivores 
or the herbivores. 

e. Mammals without Teethe Myrmecophagidae (Gr. myrmex, ant; 
phagein, to eat).—In some mammals, as the antealers, the teeth have 
entirely disappeared, the mouth is tubular, and there is a highly special¬ 
ized tongue; it is both extensile and prehensile. When the tongue is 
thrust into an anthill, because of the adhesive substance on the tongue, 
great numbers of ants will stick on the tongue. These are brought to the 
mouth and swallowed without mastication. An interesting adaptation 
to use of this type of food is that the interior nostrils are in direct com¬ 
munication with the windpipe; otherwise the ants might wander into 
the “wrong pew” and disturb the breathing of the anteater. 

2. The Mammalian Limbs. —As with the teeth, the mammalian 
limbs show adaptive radiations in four directions, according to the 
table below. 


Types op Modification^ 

C’ursorial-unguligrade Flying op volant 

Runners on tips of toes Aerial 

('ursorial-digitigrade Climbing or scansorial 

Runners on finger Arboreal 

and toe pads 


Amphibious, (lood 
swimmers but living 

partly land 
Aquatic 


Ambulatory (short-limbed) 

TerrestHal (plantigrade) 

Fossorial. With digging 
organ but living above 
ground 

Subterranean. Living entirely 
underground 


t Modified from Lull. 


The table shows possible modification of limb structure in four 
different directions in adaptation to various types of environment. 

a. Types of Limb Adaptation. —On the earth's surface, speed is 
desirable if animals are to get out of the way of their enemies; hence 
adaptations for speed {cursorial); subterranean life calls for a different 
set of adaptations (fossorial); tree dwellers must be climbers or fliers 
if they come to earth (scansorial and volant); and finally, the denizens 
of the water must be fitted to live in that medium (aquatic). 

b. Adaptations for Speed. —^Adaptations for moving with speed over 
a firm surface involve a change in foot posture. The primitive posture 
is plantigrade^ as is that of the bear. Some speedy animals have a 
digitigrade gait having developed special sole pads to absorb the shock of 
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impact with the ground (Fig. 485). The hoofed animals {unguligrade) 
walk on the modified nail or hoof. Between the extreme specialization 
of the horse type of gait and the plantigrade, there arc all gradations. 
For example, the foot of the African antelope shows a semiplantigrade 
condition (Fig. 435). In the speedier types, the fibula and the ulna are 
reduced; there is a loss of universal movement, and movement is restricted 
to one plane, except at the shoulder and the hip. Adaptations for speed 
naturally include adapting the contour of the body so as to ofter the 
least resistance to the medium through which they pass, whether water, 
air, or earth. The streamlined body that passes through water or air is 
spindle-shaped. 

B. Adaptations for Special Habitats.—Permanent residents of any 
special habitat, such as swamp or plain, will show different structural 
adaptations that fit them for their special environment. In the follow¬ 
ing description of adaptations to habitats, only the main types are 
mentioned. Some adaptations other than type of limbs will be included. 

1. Desert Animals, a. General Features. —No desert animals are 
green but are mostly gray, brown, or red, harmonizing with the rocky 
background of the desert. Although a few desert animals are brightly 
or warningly colored, the majority are difficult to see, even at a short 
distance, so long as they keep still. When frightened, many of them 
remain motionless until danger is past. Since shelter is not always at 
hand, this is an important adaptation. 

Many desert animals are poisonous. These include scorpions, spiders, 
and reptiles. 

The feet are modified for speed and for traveling on sand. The limbs 
incline to be long and slender, for the animal must have speed to escape 
its enemies and must also travel far for food. 

The organs of special sense show marked adaptations. The eyes may 
be shifted high in the head; long eyelashes may be present, or other types 
of eye shields may be developed. In one lizard, the lower eyelid is enlarged 
and has a transparent window in it; in another, the whole lower lid is 
transparent and is fused to the reduced upper lid. 

The ears are protected by hairs and other devices, and the nostrils 
are often provided with valves that may be closed and so keep out the 
sand. 

h. The Camels. —Camels show very well many desert adaptations. In 
addition, two species show differences in adaptation to environment. . 

(1) The one-humped or Arabian camel. —This species is often 
called the ship of the desert and shows many adaptations for survival in 
the harsh conditions of the desert. As in all animals traveling in the 
desert, water must be conserved. The stomach of the camel has many 
flask-like potuches^ each closed with a sphincter muscle. When the camel 
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drinks water, the muscles relax, and the cavities are filled. The water in 
the stomach is absorbed in due course, but that in the cavities is doled 
out as needed. The hump is a reservoir of food, being composed largely 
of gelatinous fat. When the camel goes without food, or is exhausted 
from overwork, the hump becomes shrunken and may fall to one side. 
Shifting of the sense organs gives the camel its proud carriage. The eyes 
are shifted high in the head and are protected by eyelashes; the nostrils^ 
shifted upward somewhat, have valves that may be closed against 
blowing sand; the ears have hairs in them to keep out sand. The limbs 
are long and adapted for speed, and the foot has retrogressed from the 
unguligrade foot to the digitigrade type; well-developed pads give the 
camel a noiseless tread and adapt him for moving on yielding sand. 



A B 

Fig. 496.-^A) Arabian camel. (B) Bactrian camel. The Arabian camel is Btled for life 
on the desert/ the Bactrian camel has special adaptations for life in northern as well as southern 
climates. (L. Runyon.) 

{%) The two-humped ou Bactkian camel. —This camel lives in a 
more northerly region than its one-humped relative. It has long, shaggy 
hair and is adjusted to the extremes of heat and cold. Much of the country 
in which it lives is rocky and broken; the feet are adapted to this, being 
harder and more cloven than those of the Arabian camel (Fig. 496). 

2. Adaptations for Subterranean Life. —Many animals that 
live above ground have digging organs, as elephants, swine, etc., but 
many others spend their lives underground, and these are profoundly 
modified to fit into this environment. Representatives from all the 
vertebrate groups live underground; many insects, either as adults or 
larvae, lead a subterranean life. The mole (Talpa) exhibits modifications 
for its life underground to a remarkable degree. Like an animated plow, 
the head is wedge shaped for penetrating the soft earth. The enormously 
enlarged forelegs are armed with long, broad nails and with an extra 
sickle-shaped bone on the outside of the thumb, forming, all together, an 
effective living chisel for gouging out the earth. The fur consists of short 



764 


BIOLOGV: THE SCIENCE OF LIFE 


hairsy so closely packed as to resemble velvet; it does not become wet 
easily or allow penetration of earth to the skin. 

The sense of sight is reduced; the ears are small but are sensitive to 
sound waves passing through the soil; the sense of touch is remarkable; 
the snout is abundantly supplied with nerves and is wonderfully sensitive; 
the tail is naked, is also sensitive, and guides the mole as it moves back¬ 
ward through its tunnel. 

The rate at which a mole can dig a tunnel (Fig. S%A) is almost unbe¬ 
lievable. If placed on the surface, it will dig out of sight in 10 seconds 
and will tunnel at the rate of 1 ft. in 3 minutes. One mole is reported to 



Fig. 497.—^The two-toed sloth (Choloepui didectylius). (Courtesy of The National Zoological 

Park.) 

have dug a tunnel 100 yd. long in a single night. To do a proportionate 
amount of digging, a man would have to make a tunnel about 50 miles 
long, large enough for him to crawl through. 

3. Adaptations for Aerial Life. —Animals that are adapted to 
fly rest either on the earth or in the trees. 

a. Adaptations for Climbing .—^Adaptations for climbing may apply 
to animals that climb walls and trees for temporary safety or to arboreal 
forms that spend most of their time in trees or to forms like the sloth 
that never leave their tree homes. 

(1) General features. —Climbing animals have especially long 
shoulder girdles, long arms, and feet of two types; these may be pre¬ 
hensile or grasping, as in the monkeys, or they may be non prehensile, with 
well-developed claws, as in squirrels and cats. Special devices may be 
present, as the sticky adhesive pads on the feet of tree frogs or the vacuum 
^‘cups” on the feet of the geckos. 

(2) The sloth. —The sloth is specialized in many ways for the life 
it leads in trees. Sloths have long, strong, curved claws with which they 
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hook onto limbs (Fig. 497) and hang with the back downward. In this 
position, they move from limb to limb by slow motion. The hair is 
arranged so that during torrential tropical rainstorms the water runs off 
as the sloth is hanging upside down. 

The head of the sloth is round; the ears are small; the tail is only a 
vestige; sloths feed on leaves from which they obtain sufficient moisture 
so that they need not descend to the ground to drink. 



Fig. 498.—^The Eaitem flying iquirrel (Glaiieomy$ volans). Laige eye* enable the animal 

to we at night (From S. H. William*, The Living World, The Macmillan Company.) 

b. Adaptations for Flying .—Adaptations for flying involve two types 
of flight; passive flight, which includes two types of gliding, and true 
flight. 

(1) Passive flying. —The flying fish and the squirrel both glide 
but in a different manner. There is some dispute as to how the flying 
fish leaves the water; the wing-like fins are not vibrated after leaving 
the water but are simply extended like the wings of a glider. In shape, the 
flying fish resembles an airplane more than any other animal. 

The flying squirrel, on the other hand, has a fold of skin, the patagium 
(L. patagium, an edge or border) supported between the fore- and hind 
limbs (Pig. 498). 
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(2) True flight, —True flight implies sustained movement in the 
air, or power. If the flying invertebrates are left out, true flight has 
evolved three times among the vertebrates. Among the extinct reptiles, 
the pterodactyls could fly (Fig. 499); the bird is a very familiar flying 
animal; and the bat is the third type. Bird wings have been mentioned 
(page 479). Figure 342 shows various positions of the wing of the white 
ibis in flight. Bird wings vary greatly in the manner of vibration. The 
humming bird wing moves with extreme speed; many birds, especially 
some birds of prey, sail or soar for hours at a time. They are apparently 
motionless, but there may be some small movements of the wings that 



Fig. 499.—Winged lizard^ Pteranodon. Probably the largest flying animal that ever lived, 
measuring 20 feet across its wings. (Courtesy of The American Museum of Natural History.) 


keep them aloft, or they may be descending in great spirals. The bird wing 
is the most specialized of all wings. 

The bat wing is a true wing, though not so highly adapted as the 
bird wing. The forelimbs are provided with four very long fingers (Fig. 
352), between which is stretched the wing membrane. This membrane 
also extends along the sides of the body between the fore- and the hind 
limbs and the tail. The thumb is free, ends in a claw, and is used for 
climbing purposes. The hind toes are also free; they terminate in sharp, 
strong claws, which are used to suspend the body head downward from a 
support when the bat is at rest. The bat’s flight is noiseless, fluttering, 
and rather erratic. It captures its insect food during the twilight hours 
while it is ‘^on the wing” or in flight. 

4. Aquatic Adaptations. —Animals that have never lived on land 
but only in water are primarily aquatic animals; they may become 
secondarily adapted to water after their forebears have lived on land. 

a. Primarily Aquatic Animals .—These include the fish, with their 
spindle-shaped bodies adapted to move through the water with the least 
resistance. They move by means of fins and by the undulations of their 
bodies. For maintaining themselves at various depths, fish have evolved 
a swim bladder, a sac filled with gas (page 448). 
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6. Secondarily Aquatic Animals. (1) Amphibious animals. — These 
present an array of adaptations that fit them to live either on land or 
in the water. The adaptations of the frog (page 245) for leading an 
amphibian life have been mentioned. Many of the higher animals show 
amphibian habits. The feet of the wading and swimming birds are 
webbed. Most higher animals with amphibian habits have special 
breathing arrangements; valves in the nostrils, etc.; the eyes tend to 
shift higher, as in the hippopotamus and polar bear. Either of these 



Fig. 500.—Polar bear. Adaptations of this animal to environment include white color, 
which makes it inconspicuous in polar regions, long neck, shape of head, and position of 
eyes, which facilitates swimming. 

animals can keep nostrils, eyes, and the top of the head out of water 
and the rest of the body submerged. Polar hears are excellent swimmers 
(Fig. 500) and actually capture fish in the water. 

(2) Aquatic animals (lung breathers). —In the sea are whales, 
seals, sea lions, and sea walruses among the mammals, as well as countless 
other types of animals. The bodies of these mammals are streamlined 
so that they offer the least possible resistance to the water. The feet are 
completely webbed, forming flippers; those in front are used as oars and 
those behind as a rudder. 

The largest mammal alive today is the whale. The body is fish-like 
in shape; the forelimbs have become modified as paddles; the hind limbs 
have disappeared entirely; hair is present but is scanty, appearing only 
as bristles on the snout; there are no external ears; the nostrils of the 
whalebone whale are paired and called blowholes. When the whale rises 
to the surface, it expels warm air or steam” through its nostrils, i.e., it 
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spouts/’ The faU or blubber, of the whale lies beneath the skin, is 
about a foot thick, and keeps the body heat from escaping. The tail is 
flattened horizontally, and the two lobes are called flukes (Fig. 355). 

5. Adaptations fob Deep-sea Life. —In the dark depths of ocean, 
no green plants survive. In addition to being dark, the sea bottom is cold, 
and there is no seasonal variation. Currents do not disturb the quiet 
waters at great depths. Pressure here is enormous since 1 ton per square 
inch is added for every 1,000 fathoms. In spite of this, frail, delicate 
animals are to be found here, chiefly fish. 



Fig. 501.—Adaptations to'environment Crayfish from a cave. Note reduced eyes 
(no pismentX and lensth of legs and antennae. (Photograph of a live specimen by H. H. 
Hobbs, Jr.) 

The eyes of these animals are modified in two directions; they may 
tend to disappear as in cave animals; or they may be developed so as to 
use every bit of light, as eyes formed like concave mirrors and telescopic 
eyes. To make up for lack of vision, tactile organs may be developed, such 
as long feelers, modified fins, etc. Almost all deep-sea animals are lumines¬ 
cent (Fig. 310). 

The adaptations for food getting are varied; some animals live on the 
ooze at the bottom; others have powerful jaws and are able to swallow 
animals larger than themselves. 

6. Adaptations for Cave Life. —Cave animals may live in water 
or on land. Most of them are blind or nearly so. Their bodies are inclined 
to be long and slender, and in many forms there is a reduction of pig¬ 
mentation (Fig. 501). On account of the scarcity of food, the digestive 
organs are so specialized as to allow long fasts and also to utilize to the 
utmost such food as may be found. 

C. Coloration and “Mimicry.”—^In the tropics, brilliant colors in 
the world of life are the rule. Many insects, birds, and other animals 
and most flowers are brilliantly colored. Not all coloring is protective. 
Sometimes it plays an important part in the survival of an organism, but 
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there are cases in which no utilitarian purpose can be discovered, the 
brilliant colors of some deep sea animals, for example. 

In other parts of the world, colors are more subdued. There are 
distinct types of coloration. 

1. Production of Color. —Color in the biological world is universal. 
It may be either chemical or physical. Chemical coloration may be due to 
pigments, or it may be due entirely to the nature of the food consumed, 
to waste products, or to reserve products. Physical colors may be caused 
by the light falling on finely incised parallel lines, often running in more 
than one direction. This is characteristic of the brilliant, metallic colors 
seen on the neck of a hummingbird and the scales of some butterflies 
and moths. The scales of the butterfly, Morpho^ for example, have two 
sets of striae, one perpendicular to the other. 

2. Concealing Coloration. —In the following description of pro¬ 
tective coloration and mimicry, it must be borne in mind that authorities 
who have given the matter much thought question whether animals are 
protected by their coloration as much as it would seem. Without going 
into all reasons for this point of view, it may be said that it is not 
known in most causes how well animals are able to distinguish colors or 
color patterns. In the matter of “mimicry,’’ there are certain cases in 
which the mimic and the model arc not found in the same areas; also, 
two poisonous forms may mimic each other. Just what the explanation 
of this is is far from certain. 

Protective coloration is characteristic of animals that are so colored 
as to blend in with the environment and are, therefore, not readily seen. 
This may be a protective adaptation in two ways: the animal may escape 
its enemies, or it may lie in wait for food. Many insects show protective 
coloration (page 772). Both grasshoppers and Catocala moths show 
brilliantly colored hind wings when the animals are in flight; when they 
are at rest and their wings folded, the hind wings are hidden, and the 
insects blend in with the environment. 

The flounder is a flat fish capable of changing its color pattern to a 
remarkable degree. It lives on sandy or muddy bottoms, where it lies 
buried, except for the eyes (Fig. 303). The young are shaped like other 
fish when they hatch, but as they grow, the left eye moves around toward 
the right, the entire head becomes twisted to the right, and the body 
becomes as “flat as a flounder,” with both eyes on the same side of the 
head! 

Certain types of. coloration are typieal of particular habitats, though 
there are always exceptions. In the arctic regions, the animals are white, 
except aquatic forms like the seals; even the seals are white when they 
are young. Among mammals, the desert animals are duns or grays; the 
plains animals, somewhat the color of dried grass; the forest forms are 
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dappled. Many animals are spotted when young, as the lion and the 
Virginia deer (Fig. 507). The tigers live in the jungle, and it is suggested 
that the stripes characteristic of these animals simulate bars of sunlight 
and shadows. 



Fis. 502.—^Seasonal coloration. A itrics of photographs of a New York state weasel 
(Mustela noveboracensis) taken at intervals of one week as he molted from winter to 
summer pelage. (Photographs by Joseph Lyons, Courtesy of The New York Zoological 
Society.) 


Some animals are able to change color and so blend in with the 
environment more perfectly. This color change may be temporary or 
seasonal. The chameleon, many frogs, as well as other animals, are 
able to change their colors temporarily. The tree frog (Fig. 314) changes 
from green to gray and shades of brown as he finds himself in different 
situations. 
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Many animals, especially those in the arctic regions, show a seasonal 
coloration. They are white in winter, but when the vegetation appears 
in summer, they change their coats to brown, spotted, etc., and so are 
enabled to fit in with the surroundings. Examples are the ptarmigan, 
the ermine (Fig. 502), the lemming, etc. 

3. Warning Coloration. —Vividly colored animals are conspicuous 
and are easily seen by other animals. Often such animals possess some 



Fig. 503.—Conspicuous coloration. Tha skunk does not need to hide; It is protected by Its 
scertt, produced in special sisnds. (Courtesy of U.S. Biological Survey.) 

quality that renders them unpalatable as food. They may be poisonous, 
as the coral snakes, or they may be offensive on account of their scent, as 
the skunk (Fig. 503). 

4. Alluring Coloration. —This is a term used to describe such a 
situation as that presented by an Indian mantid, which is colored like 
a flower, and thus lures other insects within the reach of its grasping 
legs. 

5. ‘‘Mimicry.” —^Animals may “mimic” each other, or they may look 
like plants or sticks or stones. When animals resemble each other closely, 
usually an inedible species with warning coloration is “mimicked” by 
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an edible species. The viceroy butterfly, for example, differs in its colora¬ 
tion from other species of its genus {Basilarchia) but resembles the dis¬ 
agreeable monarch butterfly (Fig. 504^) so closely that it is said to 
secure thereby immunity from attack. The monarch is the model and 



Fis. 504.—Mimicry. (A) The mimickins of the inedible monarch butterfly (Anosia 
plexippus) by the edible viceroy butterfly (Basilarchia archippus). (B) The "dead leaf" 
butterfly, Kallima (E. H. Runyon). (Couitesy of The American Museum of Natural History.) 


the viceroy the mimic. Many such cases have been reported, but whether 
they are cases of real protective mimicry is not always certain. 

The Kallima butterfly, Kallima inachis, of India (Fig. 504/i), has 
the upper side of its wings brilliantly colored and is conspicuous when in 
flight and difficult to catch; the lower sides of its wings are colored like 



Fig. 505.—Protective coloration and adaptive behavior. (A) Green leaf insect, Phyllium, 
illustrates both protective coloration (green) and "mimicry" (resembles leaf). (B) fly 
larvae hold posterior ends of bodies stiffiy to resemble twigs. (C) Umbrelia ant, carrying leaf 
over Its body (Bolivia). (A and B, drawn by B. Shamos; C, courtesy of The American Museum 
of Naturai History.) 

a dead leaf. When at rest, the wings are held together over the back, thus 
hiding the brilliantly colored upper surface. The tails of the wings are 
held together against the twig on which the butterfly rests. When the 
butterfly is in this position, the resemblance to a dead leaf is remarkable. 
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Many insects resemble in color twigs, foliage, or bark on which they 
rest. Walking sticks (Phasmatidae) resemble twigs, and the green-leaf 
insect (Phyllium) looks like an animated leaf (Fig. 505A), 

6. Signal and Recognition Marks. —Among gregarious animals, 
there are adaptations that aid in warning the group of danger: for 
example, the white tail of the “Molly cottontail” is of aid in leading her 
young to safety. The Virginia deer has a white patch under its tail; when 
frightened, it raises its tail as a signal to the herd. The antelope (Fig. 506) 



Fig. 506.—Signal and warning coloration. Antelope in Wichita National Forest, Okla. 
When these animals are frightened, the hairs on the white rump patches stand erect and so 
become more prominent This serves as a danger signal to other antelopes. Unfortunately the 
signal which may have aided the animals formerly now aids man in hunting them and they are 
becoming scarce. (Courtesy of U.S. Forest Service.) 

has a more conspicuous signal. On each rump is a patch of white. The 
hairs can be spread and become more conspicuous by reflecting light. 
The rest of the herd is thus warned of approaching danger. 

7. Sexual Coloration. —Males of many animals are more con¬ 
spicuously colored than the female. Why this is so has not been satis¬ 
factorily explained. It is interesting to note, however, that the young 
males are protectively colored. For example, the red breast of the robin 
and the brilliant plumage of the male cardinal require several years 
for its perfection; and the young fawn of the Virginia deer is spotted 
(Fig. 507). Nesting birds and the less conspicuous f^ales of other 
animals may escape detection more easily than their conspicuous mates. 
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D. Beaks and Feet of Birds.—Some of the best examples of adapta¬ 
tions among animals are the beaks and feet of birds (Figs. 330 and 331). 

E. Adaptive Behavior.—Without any preliminary training at all, 
many animals perform the most amazing tasks. Only a few may be 
mentioned: 

1. For THE Continuance OF THE Race. a. Courtship .—^Authorities 
differ as to the value in the final mating of the antics of some animals 
during the mating season. Some common examples of antics are the 



Fi's. 507.—Protective coloration. Youns fawn of the Virginia deer **hidden'* in the woods. 
(Courtesy of U.S. Forest Service.) 


strutting of the rooster, the spreading of the tail of the peacock, the 
fighting of penguins, the waving of brightly colored claws by male 
fiddler crabs when females are in view, and the display of wing colors by 
orthopterans during courtship. 

h. Oviparity and Nest Building .—^Nests of *fish and birds protect the 
eggs and the young. Each animal builds its own kind of nest without 
previous teaching; an oriole builds an oriole nest, a robin a robin’s nest, 
and the very beautiful hummingbird nest of lichens and moss is an 
object of perfection. With the assistance of the male, the Surinam toad 
deposits her eggs in the concavities on her back, where they remain 
until hatched (Fig. 316). The male sea horse has a brood pouch into which 
eggs are placed after they are laid by the female; they remain in the 
pouch until hatched. 

c. Viviparity .—^The young are protected in the body of the mother 
in viviparous animals. Sometimes this involves only holding the eggs 
in the body until they are hatched, as is the case with some snakes 
(Fig. 319); sometimes they are bom in an undeveloped condition and 
carried in a pouch, as in the case of the opossum (Fig. 350) and the 
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kangaroo. The higher animals are the most specialized of all, the embryo 
being attached to the mother by a placenta and nourished through it 
until they are born. The instinct of the mother to care for the young, 
even at the sacrifice of her own life, is well known. These are adaptations 
quite as important as the structural adaptations mentioned above. 

d. Special Breeding Habits .—^Aside from the mating instincts and 
behavior, there are innumerable breeding habits that are adaptations 
to ensure the life of the race. The student will think of many that are 
matters of common everyday life. Spiders and some other insects are so 
stung as to be paralyzed and then are shut up in the compartments in 
which the insect has laid its eggs. When the eggs hatch, the food is ready 
for the young larvae. Sometimes the eggs are laid in living caterpillars, 
as is the case with ichneumon flies and some wasps. When the eggs hatch, 
the larvae feed on the tissues of their host and then pupate. 

The need of the young to shift for themselves is met in the case of the 
opossum by the precocious development of the forelimbs to enable them 
to make the trip from the birth pore to the marsupial pouch. The young 
animals are less than in. in length at this time, but their forelimbs 
have a flipper, and they make their way through the dense hair of the 
mother in a harid-ovcr-hand manner. Reaching the pouch, they attach 
themselves to mammary glands in the pouch by swallowing them deep 
in the throat (Fig. 350). They have special holdfast mouths. Here they 
remain, obtaining milk from the glands until they are able to creep 
upon the back of the mother. She carries them for a short time longer, 
and then they shift for themselves. Sometimes there are not enough 
glands in the pouch for the number of young that are born; the strongest 
push the weakest away, and they perish. 

2. Migrations. —Some migrations are merely moving on to better 
feeding grounds. Many, however, are migrations of parents to situations 
in which their young will be able to get plenty of food. Most bird migra¬ 
tions are of this type (page 494). However, most migrating birds return to 
their former homes with the change of the seasons. 

The migrations of the salmon and eels, however, are of a different 
variety. After spending several years in salt water, the salmon ascend the 
Columbia and Yukon rivers, a distance of from 1,000 to 2,000 miles. On 
the way, they pass barriers (Fig, 508), and when they reach the spawning 
grounds they are bruised and worn out. As soon as spawning is accom¬ 
plished, they all perish; there is no return of the adults to the salt water. 
The young fish make their way from the fresh-water rivers in which they 
are born to the salt water and remain there until they are mature. They 
then return to the rivers to spawn. 

The eels have a different history. They are bom in the sea and as 
larvae {elvers) make their way to the fresh-water rivers, sometimes 
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journeying over 3,000 miles. After several years, they return to the salt 
water for breeding. Apparently all these die afterwards, for the adults 
never return to the fresh water. 

3. Protective Behavior. —Many animals depend upon their legs 
for escape from their enemies. They may run, fly, jump, swim., or dive. 
Another type of protective behavior is the feigning of death. Desert 
animals remain immovable when frightened, but the opossum ‘‘plays 





Fls. 508.—Salmon climbins the fish ladder at Oregon City on their way to the headwaters 
of the Willamette River. (Courtesy of Oreson State Highway Department.) 

dead” (Fig. 509). Leaf beetles^ click beetles, sphinx larvae, cuckoo wasps 
are a few of the many animals that behave in this manner. 

4. Adaptations for Communal Life. —Social life among bees 
(page 410) has been mentioned and shows well some types of adaptations 
necessary for the communal life that bees lead. There are all gradations 
in the types of adaptations for communal life, ranging from herding habits 
to very complex ant colonies (Fig. 510). 

a. Ants .—Among the ants, there is a wide range in the degree of 
adaptation to communal life, as well as other types of adaptations. 

(1) Members of a Colony. —Among some ant communities there 
are four types of castes: (1) true males and females; (2) workers, which, 
unlike the bees, may be either male or female; (3) soldiers, blind, wing¬ 
less, and sterile individuals with great development of scissors-like 
jaws; (4) complemental males and females, also blind and wingless, but 
having limited powers of procreation. 
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The true or chief males and females are the only ones concerned with 
the outside world. They come forth in the spring on their mating flight. 



Fig. 510.—Com root aphids are cared for by ants in their underground nests during the 
winter and carried through tunnels to roots of com in the spring. These aphids are called *'ant 
cows** because the ants feed on a sweet substance given off from the bodies of these com lice 
or aphids. (Courtesy of U.S. Bureau of Entomology and Plant Quarantine.) 

Many are eaten by birds; those that survive settle down, tear off their 
wings, and found new colonies. 

(4) Slaves. —Ants are war-like insects, and the soldiers, in addition 
to protecting their own colonies from predacious insects, sally forth and 
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attack other communities, take possession of food stores, and make slaves 
of the conquered ants. They take the eggs and pupae of the conquered 
ants, and when these hatch in the new nests, they care for the young of 
their conquerors, extend the nest, etc. 

There are two kinds of soldiers, large and small. When on the march, 
the small soldiers march in a long narrow column, the larger ones march¬ 
ing on the outside. 

(3) Ant —Ants often care for certain of the plant lice 

(Aphidae) and scale insects (Coccidae), because they like the “honey- 
dew” that they secrete. The aphids feed on the juices of plants and, when 
stroked by ants, allow small drops of “honeydew” to issue from the body. 
One type of aphid lives on the roots of corn (Fig. 510). When the plant 
lice hatch in spring, the corn has not yet been planted and the ants are 
said to place the aphids at the roots of another plant, a certain knotweed, 
until the corn roots appear; they then transfer them to corn roots. 

(4) Cultivation of fungi by ants. —A peculiar adaptation of leaf¬ 
cutting ants is their habit of cutting leaves, carrying them to their under¬ 
ground chambers, where they arc chewed up to furnish a culture medium 
for certain kinds of fungi. The spores of this fungus are carried in the head 
fold or pouch of the queen, or founder of the colonies. Different species 
of leaf-cutting ants cultivate different species of fungi. 

(5) The honey ant. —In Mexico and the Southwest United States 
is a species of ant community in which some of the workers become 
storage vessels for honey. They feed upon it until they become little 
swollen sacs of honey. They then attach tliemselves and serve as a source 
of honey for the rest of the colony. 

(6) Robber ants. —One of the most specialized types of ants is the 
robber ants of South America, which do no work for themselves, all the 
work of .the nest being done by slaves. 

(7) Umbrella ants. —These ants carry on a sort of camouflage by 
carrying leaves over their bodies (Fig. 505C), 

b. Beavers, —Beavers work together to build dams, thus creating the 
marsh or pool necessary for their houses (Fig. 349). They furnish an 
example of truly communal life. 

c. Prairie Dogs, —The villages or communities of prairie dogs may 
cover several acres. 

The animals that have developed community life are among the most 
successful in the struggle for existence. The bees, working together, can 
put to rout bears aud others animals; alone they would not survive long. 

Questions 

1. Discuss some adaptations of plants to their environment with regard to moisture. 

2. How do mammalian teeth show adaptive radiation in four directions? Explain fully. 
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3. From a central type, the mammalian limbs may show modifications in four directions; 
explain. 

4. Discuss the special features of animals that are adapted to the desert; to subterranean 
life; to climbing; to flying; to aquatic life. Distinguish between primary and secondary 
adaptations for living in water; give examples of each, and state reasons for your 
answer. 

6. Why is a camel a good example of several types of adaptationsr 

6. Discuss some types of concealing coloration; seasonal coloration; signal and recog¬ 
nition marks; warning coloration; mimicry; sexual coloration. What are some objec¬ 
tions to the value of these types of coloration? 

7. Wluit arc some examples of adaptive behavior? In what ways are they useful? 

8 . Discuss migrations in general. 

9. How are ants adapted for communal life? Include in this discussion a des<Tiplion of the 
various types of ants and their special adaptations. 

10. Are all adaptations useful? 

11. How do you think adaptations arose? 
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CHAPTER XLVn 

DESCENT WITH CHANGE; EVOLUTION 


Observe always that everything is the result of change, and get used to thinking 
that there is nothing Nature loves so well as to change existing forms and to make 
new ones like them. 

—Marcus Aurelius. 


i. The Theory of Evolution 

The word evolution means an unrolling or unfolding. The formation 
of the universe is designated as inorganic evolution, and the gradual trans¬ 
formation from simpler to more complex living organisms is organic 
evolution. In other words, the plants and animals of today are the modified 
descendants of those that lived in earlier times. The word evolution is 
much abused; there are very many popular misconceptions as to what it 
means. 

The book that has had the greatest influence on human thought within 
the past century is “The Origin of Species by Means of Natural Selec¬ 
tion,’’ which was written by Charles Darwin and published in 1859. 
The idea that one species of plant or animal evolved from another species 
was not new, but Darwin assembled such a large number of facts in favor 
of this hypothesis and presented them in such convincing fashion that 
a bitter controversy immediately arose as to whether species are specially 
created or are derived from other species by the process of organic 
evolution. 


11. Evidences of Evolution 

There is evidence from several fields that there has been descent with 
change. 

A. Classification. —If either plants or animals that are living today 
are arranged according to the way in which they seem to be related to 
each other, they form a series from tlie simpler to the more complex, 
much as the fossil plants and animals form regular series from the simplest 
types to the most advanced. Linnaeus (1707-1778), who gave us our pres¬ 
ent system of classification (page 69) believed in special creation of each 
species, yet his system of classification is arranged to show kinship. In 
order to classify any organism, its structure, often its development, must 
be known* In work of this kind, it is often difiScult to distinguish species 
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from each other; there are intergrades. This gives some evidence for the 
idea of evolution of organisms, i.e., descent with change, 

B. Comparative Anatomy.—A comparison of the anatomy of animals 
brings out many similarities and many dissimilarities. There is a remark¬ 
able correspondence among the structures of the vertebrates. The wing 
of a bird, the wing of a bat, the flipper of a whale, the forelimbs of man 
are built according to the same plan, even though their outward appear¬ 
ance is very different (Fig. 434). The same is true of the hind limbs (Fig. 
511). The skeletons of the primates also exhibit remarkable similarities. 



Fis. 511.—Evidence of evolution from comparative anatomy. Hind limbs of five verte¬ 
brates. Homolosous parts are indicated by dotted lines. (Redrawn by B. Shamos from 
Leconte, Comparative Morphology and Physiology of Animals, D. Appleton-Century 
Company, Inc.) 

A study of the appendages of the crayfish will reveal that all 19 pairs 
are built upon the fundamental plan of the more simple abdominal 
appendages, the swimmerets (Fig. 265), even though some of them have 
become very much specialized. 

A vestigial structure may be defined as a remnant of an organ that 
once existed in more developed condition. The human body has so many 
of these structures as to be spoken of by one authority as a ‘‘museum 
of antiquities.” Most of these vestigial structures are muscles. The most 
familiar vestigial structure of man is the vermiform appendix. This struc¬ 
ture is greatly enlarged and is useful in some animals. Another vestigial 
structure is the remnant of the third, or nictitating, eyelid (Fig. 512JB), 
which, in man, is a fold in the comer of the eye next to the nose. This 
eyelid is functional in birds, turtles, and frogs. Porpoises have useless 
vestigial legs enclosed within the body; some snakes show remnants 
of once useful legs (Fig. 512.4). Many other vestigial structures have 
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been found in animals that have adapted themselves to different modes 
of living. 

C, Embryology.—That there is a remarkable resemblance of verte¬ 
brate embryos to each other in their early stages was first noted by von 
Baer (1792-1876), known as father of embryology. This suggested to 
Haeckel the recapitulation theory, or the biogeiietic law already men- 




Fig. 512.—Evidence of evolution from vestisial $lructures. (A) Vestigial hind limbs of a 
python as seen in the skeleton. (B) Nictating membrane (N) in the owl and the horse compared 
with the rudiment in man. (From Romanes, Darwin and after Darwin, The Open Court Pub¬ 
lishing Company.) 

tioned (page 391). According to the latter, ontogeny recapitulates phylog- 
enijy or the development of the individual recapitulates the development 
of the race (Fig. 513). Von Baer did not subscribe to this theory, and there 
are objections in making too extensive an application of this law. New 
features (coenogenic) have been added to the ancestral features {palingenic) 
in some cases. 

It is interesting to note, however, a few of the many features that 
develop and disappear in the complex forms. In the lower forms, gill 
slits develop that are functional; in the higher forms, the gill slits develop, 
but they vanish. Connected with the development of the gill arches are 
the aortic arches. With the disappearance of the arches, there is a trans¬ 
formation of the aortic arches, as shown in Fig. 514. In the lower forms, 
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functional primitive kidneys {pronephroi) develop that are functional; 
in the higher forms, these develop but are replaced by other types 
{mesonephroi and metanephroi). There are many other structures that 
appear in embryos and then disappear during development. 
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FiS. 513.—Evidence of evolution from embryolosy. A series of vertebrete embryos at 
three comparable and prosressive stases of development. Widely different animals look 
much alike at early stages. Animals closely akin resemble each other in the embryonic stages 
for a longer time. (A) Fish. (B) Salamander. (C) Turtle. (D) Chick. (E) Pig. (F) Calf. (G) Rabbit. 
(H) Man. (From Romanes, Darwin and after Darwin, the Open Court Publishing Company.) 

Knowing early embryonic stages is often an aid in classification. 
For example, Sacculina (Fig. 273) is a parasite on crabs. In its adult 
stage, it is little more than a sac with root-like processes that penetrate 
the body of a crab. Yet its embryonic development shows that it is a 
crustacean. Likewise, the goose barnacle (Lepas) has a mollusk-like shell, 
yet its development establishes it as crustacean (Fig. 272). The larva (nau- 
plius) of the Crustacea has a short unsegmented body with three pairs of 
appendages and a median eye. The larvae of the two animals mentioned 
both have features of the nauplius larva (Fig. 273), though they differ 
in some details. Without a knowledge of the embryology of these two 
forms, they would receive a different classification. 





784 


BIOLOGYi THE SCIENCE OF LIFE 


D, Geographical Distribution.—No species of plants or animals 
lives all over the world. All species are restricted to certain definite 
habitats. Plants and animals live in fresh water or in salt water, on the 
land or under the surface, and each major habitat may be subdivided 
into a great number of habitats (page 871). It has been noted several 
times that plants and animals produce more offspring than can live in 
their immediate environment. This law of overproduction was emphasized 



Fis. 514.—Transformation of the six pairs of aortic arches accompanying the development of 
lung breathing. (A) is the primitive or embryonic condition. 

by Malthus (1766-1834) in his “Essay on Population,’’ an essay that 
stimulated both Darwin and Wallace to formulate their theories of 
origin of species by means of natural selection. 

Organisms may meet the emergency of overpopulation in one of 
two ways: (1) they may remain in the habitat of their parents; or (2) they 
may migrate to other habitats. In the firsts case, many individuals perish; 
only the most vigorous, or the most cunning, or those having char¬ 
acteristics that better adapt them to their environment survive in the 
struggle for existence. In the second case, a suitable environment may be 
found by migration, but there are peculiar instances of large groups of 
certain species setting forth at the same time on a journey, the end of 
which they cannot possibly foresee, many of which perish by the way. 
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Any feature in an environment that prevents an organism from 
escaping from its habitat is known as a harrier. For example, salt water 
is a barrier for fresh-water animals and vice versa; large bodies of water, 
mountain ranges, forests that stand in the way of animals used to the 



Fig. 515.—Evidence of evolution from domeiticeted animals. (A) A pair of Rock 
pigeons (Columbia livia) regarded as the ancestral types of many pigeons. (B) Fantail pigeons. 
(C) Pouter pigeons. (E. H. Runyon.) 

prairies, climate, moisture or the lack of it, jungles that large animals 
cannot go through are some examples of barriers. 

Animals that fly are the most successful in finding highways and in 
distributing their species over the earth. These animals include birds, bats, 
and insects. The Atlantic and Pacific oceans, however, appear to be too 
large even for flying animals to cross, since very few species*ever migrate 
from America to Europe or to the West coast of America. In America, 





786 


BIOLOGV; THE SCIENCE OF LIFE 


birds migrate mostly from north to south in the autumn and from south to 
north in the spring. 

E. Domesticated Plants and Animals.—Man has by selection taken 
wild forms useful to him and by cultivation and selection developed the 
plants and animals useful to him today. Various types of poultry, which 
have developed under domestication, trace their ancestry to the jungle 
fowl; the many varieties of pigeons (Fig. 515) are descendants of the 
rock pigeon {Columbia livia); the remarkable varieties of dogs are de¬ 
scendants of wolf-like ancestors (Fig. 489), and the modern hog is quite 
diflFerent from the wild hog, and, if the truth must be told, less fitted 
to survive in nature. 

Plants have been so much improved that they yield more of the 
materials desired by man. Torn, for example, has many more rows of 
grains on the ear, as well as ears of larger size, than formerly; the cotton 
plant has been bred to produce more fiber. A long list of plants might be 
mentioned that would show the work of man in improving varieties 
that are useful to him. If man can do this by selection and breeding, then 
changes of this kind can also occur in nature. Plants and animals under 
domestication show how modifications may have occurred in organisms. 

F. Parasitology.—The types of parasites that live on or within the 
bodies of animals differ according to the type of animal they parasitize. 
Specialists in this subject have found that the more nearly related the 
hosts are the more clearly their parasites resemble each other. Therefore, 
when the parasites of two species of animals are similar, the animals 
are likely to be closely related. This gives further evidence of. how some 
types of modifications occur. 

G. Physiology.—In general, all protoplasm possesses the same 
characteristics: irritability, metabolism, etc. This would appear to 
indicate some relationship, since all living organisms are made up of 
protoplasm that follows the same set of laws. 

1. Enzymes and Hormones. —It is an interesting fact, also, that if 
man lacks a substance like pepsin, which is an enzyme, this can be 
supplied by an extract from the cow, sheep, or other animal. 

2. Blood Tests. —Relationship of animal phyla can be determined 
to some extent by the so-called 'predpitin tests with blood. If human blood 
is injected into a rabbit at intervals, it will cause the rabbit blood to 
become sensitized to human blood. It has formed antibodies. Nuttal 
found that if serum from this rabbit is niixed with moderately diluted 
serum of man, apes, and monkeys, it reacts with them, although in 
varying degrees. If the serums from these animals is more highly diluted, 
it forms a precipitate only with man and man-like apes. Application of 
the precipitin test to reptiles indicates close relationship between lizards 
and snakes, between turtles and crocodile^s, between birds and reptiles. 
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3. Blood Crystals. —The hemoglobin of the blood forms crystals. 
These are the same in one species of animal but differ in different species; 
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DOMINANT FORMS OF UFE 



Fi^. 516.—^Table of gcolosic «ras, showing the main types of plants and animals characteristic 
of the various ases. (B. F. Edwards.) 

the more closely the animals are related the more the crystals of hemo¬ 
globin resemble each other. 

H. Paleontology.—Paleontology (Gr. palcdosy old; logosy discourse) 
presents some of the best evidence we have of the gradual development 
of the living world from simple to complex organisms. 
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Fig. 51 T.-^T^blc of geologic eras (Continued). (B. F. Edwards.) 
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1. The Fossil Record. —The earliest rocks are uniformly without 
evidence of life on earth during the time they were laid down. Further 
study of the rock strata shows simple forms in the ancient rocks and 
more and more complex forms in the rocks laid down later. Figures 516 
and 517 show the forms of life that were characteristic during the various 
periods of time that make up the record of the history of the earth. One 
fact stands out clearly; various types of plants and animals change from 
one epoch to the next. Another striking fact is that plants and animals 
in each epoch are found to be more advanced in the scale of life tha»» 
those of the preceding epoch (Figs. 516-517). 



Fis. 518.—Evidences of descent with change from the fossil record. Imprint of ferns In a coal 
bed, Olyphant, Pa. (Courtesy of U.S. Geologic Survey.) 

Fossils appear first in the Cambrian epoch; these are all types of 
aquatic invertebrates. In the Ordivician epoch, all the animals were 
still aquatic, but a few vertebrates (fish) appear. The Silurian and 
Devonian epochs are together called the Age of Fish, because during these 
epochs fish were the predominating type of living things. Air-breathing 
insects and other air-breathing land animals appeared at this time; 
also, primitive amphibians. The next two epochs, the Carboniferous and 
the Permian, constitute what is called the Age of Amphibiay because of 
the large number of Amphibia that lived at that time. Primitive reptiles 
put in an appearance in the Carboniferous epoch; some of these reptiles 
left the water and lived on land. 

The next four epochs are combined into the Age of Reptiles. This 
must have been an exciting period in the world’s history, when the earth 
was populated with enormous dinosaurs and other ponderous reptiles 



790 


BIOLOGy: THE SCIENCE OF LIFE 


and when the first flying bird, the Archeopteryx (Fig. 328), and other 
birds vnth teeth were abundant. 



Fig. 520.—<A) Dinosaur tracks made in the mud of the Connecticut river valley thousands 
of years ago. The mud afterward hardened into brown stone, thus preserving the tracks. 
(B) Dinosaur nest, found in Mongolia. Each egg is about 8 in. long. (Courtesy of The Ameri¬ 
can Museum of Natural History.) 

Special mention should be made of the dinosaurs, whose remains 
are among the most interesting of the exhibits of extinct animals in 
museums today. They developed heavy armor and great size (Fig. 519). 
Many were vegetarians; a few were carnivorous. Their eggs were only 
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of fair size for such large beasts (Fig. 520B). In addition to the small 
brain, there was an enlargement of the spinal cord in the lumbar region, 
one of the “two set« of brains’* mentioned in the poem that follows. 

Dinosaurs lived for hundreds of thousands of years and then became 
extinct rather suddenly. The cause of this extinction can only be guessed 
at, but some of the reasons advanced are changes of climate, elevation 
of the land, and draining of inland seas where the dinosaurs had their 
home; the theory even exists that some small mammal destroyed the 
dinosaur eggs. 

B. L. Taylor, in the Chicago Tribune^ describes the dinosaurs in a 
humorous manner as follows: 

Behold the mighty dinosaur 
Famous in prehistoric lore. 

Not only for his weight and strength 
But for his intellectual length. 

You will observe by these remains 
The creature had two sets of brains 
One in his head (the usual place) 

The other at his spinal base. 

Thus he could reason a priori 
As well as a posteriori. 

No problem bothered him a bit; 

He made both head and tail of it. 

So wise he was, so wise and solemn. 

Each thought just filled his spinal column. 

If one brain found the pressure strong 
It passed a few ideas along. 

If something slipped his forward mind, 

’Twas rescued by the one behind. 

And if in error he was caught. 

He had a saving afterthought. 

As he thought twice before he spoke, 

He had no judgement to revoke; 

For he could think, without congestion. 

Upon both sides of every question. 

O gaze upon this model beast, 

Defunct ten million years at least. 

The Archeopteryx was reptile-like, yet its feathers place it in the bird 
group. Like the reptiles, it had teeth, free, clawed fingers in the hand, a 
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feeble breastbone, abdominal ribs, an elongated tail, and scales on the 
head. During the Age of Mammals, more birds appeared, but these 
were without teeth; primitive mammals developed and passed out of the 
picture, to be replaced by higher types; monkeys came into existence; 
and the first examples of the human race entered the scene. Finally the 
world came under the control of the human race, and the Age of Man was 
ushered in. 

The rocks give evidence of the most convincing kind of descent with 
change. The ancestry of several species has been worked out from fossils. 
Among these the most complete are the camels, the elephants, and the 
horses. 



Fis. 521.—Eohippus, a horse that lived in prehistoric times. His front feet have four 
complete toes and a vestige of a fifth, while the hind feet have three complete toes and a 
vestige of a fourth. (Courtesy of The American Museum of Natural History.) 


2. The Ancestry of the Horse. —The horse has been used as an 
example of the importance of the fossil record so often that it has been 
called the Stalking Horse. Nevertheless, it is one of the best examples of 
tracing ancestry by means of fossil remains. 

a. History of the Horse. —The history of the horse covers a period of 40 
million years. The fossil record shows that the ancestors of the hprse 
lived in North America. Some of the finest fossil horses have been found 
here. These primitive horses all died out, however; there were no horses 
in America when this country was discovered and settled by Europeans. 
Our horses are descendants of domesticated animals that were brought 
over from Europe by the early settlers. 

(1) Hyracotherium and Eohippus lived during the Lower Eocene 
epoch. Only the skull of Hyracotherium has been found, and this shows 
primitive characters. The fossil remains of Eohippus have been found in 
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Fig. 52S.‘--Di«grain$ showing the evolution of the horse. (From Matthew, 1926.) 
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Eocene rocks of Wyoming and New Mexico. It was about 12 inches in 
height (Fig. 521). On the forefeet of the animal, there were four toes and 
the splint of the fifth; on the hind feet were three complete toes and 
a splint of the fifth, the functional toes being the second, third, and fourth 
and the first having disappeared. Its teeth were short, without cement. 

(2) Protorohippiis and OrohippuSy of the Middle Eocene times, were 
about the size of a small dog, a little larger than Eohippus, The feet 
had lost the splint of the fifth digit, and the teeth were larger. 

(3) Mesohipptis lived during the Oligocene epoch and was about the 
size of a sheep. It was slightly larger than Eohippus. The forefeet had three 
toes and a splint of the fifth, the first having disappeared; the hind feet 
also had three complete toes but no splint. The middle toe was larger, 
but all three toes touched the ground. 

(4) MerychippuSy which lived during the Miocene epoch, was larger 
than Mesohippus. The side toes were small and did not touch the ground; 
the middle toe was larger and bore the entire weight of the body. The teeth 
were larger (Fig. 522) and had ridges of cement on the ends that provided 
an excellent surface for the grinding of coarse grass. 

Other forms in the Miocene epoch were Anchitheriumy larger than 
MesohipptiSy and two forms from the Middle Miocene epoch, which 
reached the size of a Shetland pony, Parahippns and Hyohippus. 

(5) Protohippus and PliohippuSy of the Pliocene epoch, were one-toed 
horses with two lateral vestigial toes that did not touch the ground. 
They were about the size of donkeys. The teeth were moderately long 
crowned and were fitted for grinding. 

(6) Equus is the horse of today. Our horses have only one large toe and 
two useless splints on each foot. Their teeth are very long and are fitted 
for grinding. It is probable that to take care of these large teeth, the front 
part of the skull was enlarged. The teeth grow continuously during early 
and middle life, the growth being approximately equal to the wear. 
In late life, the teeth cease to grow and become short. 

True wild horses occur today only in Asia and Africa. These include 
the wild asses and the zebras. The wild horses of our Western plains and 
of South America are descended from domesticated horses that were 
brought from Europe. 

b. Summary of the Evolution of the Horse. — K number of other stages 
in the evolution of the horse have been discovered, so that we have a 
complete series covering a period of 40 million years, during which time a 
creature about the size of a dog developed into one of our largest animals. 
The feet, which originally bore five toes, became modified so that one toe 
supports all the weight; two toes were lost entirely; and the other two toes 
degenerated into useless splints. The legs became longer, thus enabling 
the animal to move about more rapidly. These long limbs made an 
elongated head and neck necessary so tW the mouth could reach the 
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ground. The teeth became modified for biting off and grinding up dry 
grass. The front teeth are now effective chisel-shaped cropping organs^ 
and the baek teeth are admirably adapted for grinding by the presence of 
complicated ridges. In every case, the changes described fitted the animal 
better for the kind of life it led. Longer legs and a single toe enable a 
horse to run faster and thus escape its enemies if it lives in the wild state. 
The modification of the teeth into better grinding organs made it possible 
for horses to eat dry grass as well as softer vegetation and greatly in¬ 
creased the usable food supply. 

3. Some Animals Recently Extinct. —Although a knowledge of 
why certain animals became extinct in recent times will not give evidence 
of descent with change, it docs show why they were unable to survive. 



Rg. 523.—Extinct mammcls. (A) Saber-toothed tiger. (B) Woolly mammoth. (Courtesy of 
The American Museum of Natural History.) 


some of them on account of man’s interference (page 839). Most of the 
plants and animals that have left their remains as fossils in rocks have no 
living representatives. They were unable to live in their environment. 
But other species descended from them were better adapted to their 
environment and make up the flora and fauna living on earth today. 
There are more than 840,000 species of animals, to say nothing of plants, 
on earth today. 

The passenger pigeon (page 843), the dodo (page 499), and the auk 
(page 500) are all birds recently extinct. Species belonging to many other 
groups have also become extinct during recent times. For example, the 
mammoth (Fig. 59SB) must have lived with the men of the Old Stone 
Age from 10,000 to 50,000 years ago, since primitive man made sketches 
of mammoths on the walls of the caves in which he lived. Entire mam¬ 
moths are even now from time to time discovered in Siberia, frozen solid 
in the soil. 


Hi. Theories as to the Method of Evolution 

The fact of evolution is now accepted by competent biologists, but the 
mahod by which it has come about is far from a settled question. 
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A. From 696 B. C. to 1900. 1. Before the Christian Era. —Con¬ 
trary to the generally accepted view, the idea of evolution is nothing new. 
Many of the ancient Greek philosophers had a concept of organic evolu¬ 
tion. Empedocles (495-435 b. c.) is often called the father of evolution. 
He believed in the gradual development of organisms and suggested the 
survival of the fit. Aristotle believed in the development of the perfect 
from the imperfect. He also believed the operation of natural law by 
intelligent design. 

2. In the Dark Ages. —Even during the Dark Ages, there were some 
theologians who believed in evolution of the organic world. Among 
these were St. Augustine (a. d. 354-430) and Thomas Aquinas (a. d. 
1225-1264). 

3. In the Eighteenth Century. —Buffon (1707-1788) had the 
evolutionary conception. He believed in direct modification of organisms 
by the environment but gave no proof for his beliefs. Erasmus Darwin 
(1731-1802), grandfather of Charles, was a physician, who believed, 
among other things, in the inheritance of acquired characters and in the 
survival of the fittest. Linnaeus (1707-1778) believed in special creation 
and the fixity of species. 

B. Since the Nineteenth Century.—Some of the following theories 
are presented for historical reasons. Even though they are not sufficient 
to account for the iacts, they were important in stimulating thought as 
to a reasonable explanation of observable phenomena. 

1. The Theory of Lamarck. —In the year Charles Darwin was 
born (1809), Lamarck’s book “La Philosophic zoologique” appeared. 
His idea was that the environment played an important role in the 
transformation of species. He also believed that the characters acquired 
by an individual during its lifetime were handed on to the following 
generations; in other words, he believed in the inheritance of acquired 
characters. He had an idea that use and disuse of parts brought about 
changes that were inherited. For example, if a browsing animal wished to 
reach higher and higher limbs of a tree, he kept on stretching his neck, 
and after a time something like the neck of a giraffe was the result! 

The importance of the contribution made by Jean Baptiste Lamarck 
(1744-1829) was that he stimulated thought about the transformation 
of species, overthrowing the idea of the fixity of species. 

The chief criticism of the theory is that it is difficult to see how the 
characters acquired during the life of an individual can be impressed upon 
the germ plasm in such a way as to be handed on to subsequent genera¬ 
tions (pages 706, 798). 

2. Darwin’s Pangenb Theory. —^This theory is mentioned for 
historical reasons only. Darwin himself set no great store by it. The 
theory states that every part of the body forms determiners or pangenes^ 
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which finally find their way into the germ cells, and that these germ cells 
then form new individuals. At the time this theory was formulated, 
nothing was known of chromosomes and heredity as we know them today, 

3. Darwin’s Theory of Natural Selection. —Charles Darwin 
(page 867) attempted to explain the workings of evolution by his theory 
of natural selection. As a youth, he entered a school of medicine but did 
not find studies of this kind suited to his taste. Later he studied for the 
church. In 1831, however, he had a chance to go on a 5-year journey 
around the world, making navigation surveys. It was on this voyage of 
the Beagle that he collected the material for his famous book. He required 
20 years for assembling and studying this material. When the manuscript 
was ready for publication, he received a manuscript from Alfred Russel 
Wallace (1822-1913), who had arrived independently at essentially 
the same conclusions. At first Darwin was inclined to withhold his own 
paper, but the counsel of friends prevailed, and so a joint statement of the 
views of both authors was read before the Linnaean Society of London 
in 1858. Wallace had not amassed the wealth of material to back up his 
arguments that Darwin had. The epoch-making book, “The Origin of 
Species by Natural Selection” was published in 1859. Darwin was of a 
retiring disposition, and so it remained for Thomas Henry Huxley 
(1825-1895), a forceful man of remarkable learning, to champion Darwin’s 
theory (page 864). 

a. Facts in Favor of Natural Selection. —Some of the facts considered 
by Darwin in arriving at his theory of natural selection as a factor in 
evolution are: (1) the universal occurrence of variation; (2) the prodi' 
gality of reproduction in nature leading to a struggle for existence and the 
survival of the fittest; (3) the inheritance of favorable useful variatiom 
enabling those organisms to have a better chance of survival. There 
would thus be a modification toward firmness, a continual selection that, 
in time, would produce new species. 

b. Sonne Objections to the Theory of Natural Selection. —There are 
several objections to Darwin’s theory of natural selection as a universal 
factor in evolution; (1) there are many variations so slight that they could 
have no value to the animal in the struggle for existence; (2) not all 
structures that are developed are useful in the struggle for existence, and 
some of these continue to develop (see Orthogenesis, page 798). 

In spite of the real objections to the theory of natural selection, 
the fact of natural selection, or Darwin’s central thesis, still stands. 
Some modifications of it are necessary in the light of what has been 
learned since Mendel’s time about variations and the mechanism of 
heredity. In Darwin’s time, nothing was known about chromosomes 
as bearers of heredity. His work stimulated thought and research and had 
very great influence upon, the developmSat of zoology. 
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4. Isolation as a Factor in the Origin of Species. —There are 
some cases of modification through isolation that are well authenticated. 
During the fifteenth century, a litter of rabbits was placed on the island 
of Porto Santo. After several hundred years, the descendants of these 
rabbits were so different as to be described as a new species. 

The effects of isolation were noticed by Darwin during his famous 
voyage of the Beagle, At that time he visited the Galapagos Islands, 
a group of islands about 600 miles off the west coast of South America, 
and noticed that although the species of animals, particularly birds, resem¬ 
bled those on the mainland, they were different enough to be classed 
as different species. The fauna on the islands that were far apart were more 
different than those on the islands close together. He drew the conclusion 
that these had arisen by descent with change. 

Some type of isolation seems necessary for when new heritable varia¬ 
tions arise, they may soon be ‘‘swamped’’ by breeding with the original 
stock. 

Isolation may occur in various ways, but geographical distribution 
of species suggests that barriers and highways have played an important 
part in the survival of “selected” plants and animals. 

If, in their migrations, a group of organisms becomes isolated from 
the rest of the species and if, in their new environment, heritable changes 
(mutations) occur, a chance is provided for these changes to persist and 
spread throughout the entire group. Continued isolation and change, in 
the course of time, result in a group of organisms so different from the 
original species that they may be recognized as a distinct species. Thus a 
new species may be said to originate. 

5. Orthogenesis (Gr. orthoy straight; genesis origin).—Many 
characters that appear in organisms tend to continue to develop even 
though this development may lead to extinction. An example of this 
kind is the very large antlers developed by Irish elk. The antlers became 
so large and heavy that the animal could not get out of the way of its 
enemies, and finally the race became extinct. The theory of orthogenesis 
is that the variations of plants and animals are not random or according 
to chance but follow definite lines or directions. Orthogenesis might offer 
an explanation for some things if there were any experimental evidence 
to back it up* 

6. The Germ-plasm Theory of Weismann. —August Weismann 
(1834-1B14) set out to prove that acquired characters are not inherited 
and formulated his famous germ-plasm theory in 1892. 

Weismann’s idea was that since, in many cases, the germ cells are 
set aside at an early stage of development of the embryo, the body cells 
or somatoplasm could have no influence on the germ cells. According to 
his theory, various lines of germ plasm are united at the time of fertiliza- 
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tion of the egg, and these, by combination, were sufficient to account for 
variation. Characters that appeared then were already present in the 
germ plasm. 

It is fortunate that acquired characters, such as the mutilations of 
parents, are not passed on to the offspring. The feet of the Chinese women 
have been multilated for centuries, but their children are still born with 
normal feet. The tails of certain types of dogs have been cut off for many 
generations, yet the young puppies are still born with tails. 

7. The Mutation Theory of De Vries. —De Vries, a Dutchman, 
published his famous book “Species and Varieties, Their Origin by Muta¬ 
tion” in 1905. A mutation is a variation that is inherited (page 740), 
and the change is due to a change in the genes. At least 4,000 such 
characters have been described in plants an4# animals; undoubtedly they 
occur in nature. 

It was unfortunate that De Vries worked with the evening primrose 
{Oenothera), since there are some peculiarities in the behavior of the 
chromosomes during the reduction division that have since been worked 
out. Some of his “mutations” were not mutations at all but the re¬ 
appearance of combinations of characters already present in the germ 
plasm. However, mutations, as we understand them today, suggest a 
mechanism for the origin of species. 

C. Summary. —After examination of the various lines of evidence, 
it would seem that evidence of descent with change (evolution) is to be 
found in the several fields of comparative anatomy, embryology, paleon¬ 
tology, etc. As to the method of evolution, the most reasonable view 
seems to be that new species arise by mutation and that natural selection 
plays a role in determining which species shall survive. Other factors in 
the environment, such as isolation, etc., determine, at least partially, 
the extent to which natural selection shall be effective. 

IV. The Ancestry of Man 

Ancient man seems to have left very few fossil remains in the earth’s 
crust. For this reason, we have very little evidence of his ancestry. 

A. Primitive Man. 1. The Java Man, Pithecanthropus erectus .— 
The earliest remains, which appear to be human are those of Pithe¬ 
canthropus, who lived about 500,000 years ago. These remains, the top 
of a skull, some teeth, and a femur were found by Dr. Eugene Dubois in 
1891 in the Tertiary rocks of Java. The cranial capacity, so far as can be 
determined, was about 840 cc. This is quite small in comparison with that 
of modern man, which is about 1,450 cc. Reconstruction by experts make 
the PithecanthropiLS appear as shown in Fig. 52iA. The teeth found are 
intermediate between those of an ape and man. 
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2. The Peeing Man, Sinanthropus pekinensis, —The Peking man is 
probably closer to the Pithecanpthropus than any of the prehuman remains 
discovered to date. Though the skull shows a larger brain capacity, it has 
massive brow ridges and a low, receding forehead. Rudely chipped stones 
have been found which suggest the use of tools; also charred materials 
indicate use of fire. Broken and split bones give evidence that the Peking 
man practiced cannibalism. The remains were found near Peking, China, 
in 1928. 

8. The Heidelberg Man, Homo heidelbergensis (Palaeanthropus). 
This prehistoric man probably lived about 300,000 years ago. Only a 
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Fig. 524.—Prchiftoric men. (From restoration! by Dr. J. H. McGregor.) (A) Ape-men 
of Java (Pithecanthropus erectus). (B) Piltdown man (Eoanthropus dawsoni). (C) Neanderthal 
man (Homo neanderthalensis). (D) Cro-Magnon man, type of Homo sapiens. 

lower jaw was discovered by Mauer, in 1907, near Heidelberg, Germany. 
The teeth are very similar to those of the savage races of man alive 
today, though the jaw is very ape-like. 

4. The Piltdown Man, Eoanthropus dawsoni. —An English lawyer 
named Dawson found these remains in a gravel pit near Piltdown, 
England, in 1911. The Dawn man is supposed to be taller than Pithe¬ 
canthropus; the skull shows a larger cranial capacity (about 1,260 cc.); the 
chin is absent and the canine teeth large (Fig. 524J5). 

Associated with the remains of the Piltdown man were found crude, 
chipped flints, which suggest that he possessed a primitive sort of culture. 
He probably lived during the Pleistocene age. 

5. The Neanderthal Man, Homo neanderthalensis. —Skeletons of 
this type have been found in various parts of Europe. The Neanderthals 
were about 6 ft., S or 4 in. tall and lived in caves. Since their thighbones 
were somewhat curved, they did not stand erect. Their brain capacity 
was fairly large. They lived about 60,000 to 100,000 years ago, built 
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fires> made and used flints, and buried their dead ceremonially* The race 
lived a long time, geologically (Pig. 524C). 

6. The Cro-Magnon Races. —One of the Cro-Magnon races, the 
Aurignacians, appeared in western Europe 30,000 to 40,000 years ago. 
They spread over a large area and amalgamated with the Neanderthals. 
They had better brains than the Neanderthals, knew how to make fires, 
also how to hunt the reindeer and the horse. They made implements 
and used ornaments. They also knew something of sculpture and made 
paintings on the walls of caves, which are preserved in France and Spain 
today. The later Cro-Magnons (Fig. 524D), Mousterians and Mag- 
dalcnians, lived from 20,000 to 30,000 years ago. They are said to have 
begun to plant certain plants for food and to have herded cattle, sheep, 
and goats. 

B. Modem Man, Homo sapiens .—All authorities agree that none 
of the primitive men named above is the direct ancestor of modern man. 
Homo sapiens. Anthropologists regard Asia as a place of probable origin 
of the one living species of man alive today, though no fossils have as 
yet been discovered. Although there is only one species of man alive 
today, there are several races and many subraces of men. These present 
wide differences of stature, color, habits, etc. 

The human race may be divided into three primary groups (Sedg¬ 
wick): (1) the Negroid races, (2) the Mongolian races, and (3) the Cau¬ 
casian races. 

The Negroid races possess frizzly hair, dark skin, broad, flat noses, 
thick lips, prominent eyes, and large teeth. There are the African Negroes, 
the South African Bushmen, the Central African and Philippine Pyg¬ 
mies, the Melanesians, Tasmanians, and Australians. 

The Mongolian races possess black, straight hair, yellowish skin, 
broad faces with prominent cheekbones, small noses, sunken, narrow 
eyes, and teeth of moderate size. They are the inhabitants of northern 
and central Asia; the Lapps, Finns, Magyars, Turks, Eskimos, Malayans, 
brown Polynesians, and American Indians. 

The Caucasian^ or white races, possess soft, straight hair, well- 
developed beards, retreating cheekbones, narrow, prominent noses, and 
small teeth. There are two main varieties: (1) the Xanthochroi, with 
fair, white skin, ranging from northern Europe into North Africa and 
western Asia; and (2) the Melanochroi, with black hair and white to 
black skin, inhabiting southern Europe, northern Africa and south¬ 
western Asia. 

QuesUoni 

1. Do you think that there is any significance to the remarkable similarities in structures 
of the vertebrates? Explain. 

8* Compare the forelimbs and hind limbs of several vertebrates. Name some interesting 
vestigial structures of animals. Is there any significance attached to these structures? 
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8 . Why does the study of the embryology of an organism often give a key to the relation' 
ship of that organism to special groups? 

4. What are barriers? Highways? How do these affect the establishment of species? 

6. What evidence of descent with change do we get from domesticated animals? 

6. What are some physiological characteristics that show relationships of organisms? 

7. What is a fossil? Why is the fossil record important in any study of descent with 
change? Name the great epochs of the earth’s history, and state what plants and 
animals were characteristic of each. 

8 . Give some interesting facts about dinosaurs. 

9. What are the reptilian features of the Archaeopteryx? The avian features? 

10. Give an account of the history of the horse. Why is it so often quoted as an example 
of descent with change? 

11. What are some animals recently extinct? 

12. Discuss the theories as to the method of evolution (a) before the Christian era, (6) 
in the Dark Ages. 

13. What are the arguments for and against Darwin’s theory of natural selection as a 
method of evolution? 

14. Discuss the work of Lamarck and Weismann. 

15. Do you think the mutation theory might explain some of the facts of descent with 
change? Give reasons for your answer. 

16. Describe the various types of primitive men. About when did each type live? 

17. Why do we say that Homo sapiens is the only species of man alive today? Are the races 
fundamentally different?, 
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CHAPTER XLVIII 

BIOLOGY AND HUMAN WELFARE 


Learn from the birds what food the thickets yield. 

Learn from the beasts the physic of the field. 

The art of building from the bee receive, 

Learn of the mole to plow, the worm to weave. 

—Pope. 

I. Applied Biology 

Many people who do not think of themselves as biologists spend their 
lives applying biological facts and principles. For example, the farmer 
must plant the kind of crops that will grow in the type of soil contained 
on his farm, must raise food, and must see that the animals are properly 
fed. Yet agriculture is only one phase of biology that serves man. Medi¬ 
cine and public health are to a considerable extent dependent upon 
biology. All drugs, whether obtained from plants or other sources, must 
be tested on animals before being given to man. In each of the groups of 
plants and animals, there are many species that are beneficial to man 
and others that may be classed as enemies. The special relation of organ¬ 
isms to man with regard to health are discussed in the next chapter 
under the heading Conservation of Man (page 846). 

il. The Relations of Plants to Man 

A. Thallophytes.—Although the majority of useful and ornamental 
plants are included in the higher groups, many of the most lowly are 
useful, and some are the most harmful of all living organisms. The 
thallophytes include the Algae and Fungi. In the latter group are the 
important bacteria, often placed in a class by themselves (Schizomycetes). 

1. Algae, —From the Algae, especially the brown Algae, we obtain 
iodine; from the. red seaweeds, agar-agar, a substance used in medicine 
and in biology laboratories for the cultivation of baqteijia. Perhaps, thq^ 
greatest importance of Algae is due to their use as food for fish. 

Qn the debit side. Algae may be a pest in reservoirs and give drinking 
water a disagreeable odor and taste. They are very easily killed by adding 
a small amount of copper sulphate to the water. 

2. Fungi. —Fungi are both beneficial and harmful. 

a. Beneficial Fungi .—^The role of yeasts in breadmaking (page 174) 
and tl^eir use in making liquors and industrial alcohol (page 103) h,a.ye 

m 
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been described. Also, yeasts are at present much advertised as a source 
of vitamins, particularly of vitamin B. 

The mold fungi give flavors to cheese, for example, the green mold 
of Roquefort cheese. 

b. Harmful Fungi, —Some important plant diseases are caused by 
rusts, mildews, blights. The wheat rust (page 196) does great damage 
each year to the wheat crop; the chestnut blight has destroyed whole 
forests of chestnut trees; several varieties of smut infect small grains; 
certain human diseases^ are caused by Fungi, such as ringworm, athlete’s 
foot, and some scalp iitfections. 

c. Bacteria, —Bacteria are so important that they are usually con¬ 
sidered by themselves. For a more detailed account of bacteria, see 
page 185. 

(1) Beneficial bacteria. —Without the bacteria of decay, the world 
would soon be filled with dead organisms (page 63), and so they have 
an important role in the nitrogen cycle. Without them cheese making and 
butter making would be impossible (page 190). They are responsible, 
also, for the ‘‘curing” of tobacco and for the separation of flax fibers 
from the other parts of the stem (retting). These fibers are used in 
making linen, 

(2) Harmful BACTERIA. —Bacteria cause many diseases of both plants 
and animals. They may be carried by the air, as in the case of the tubercu¬ 
losis germ, or in food and water, as in the case of the typhoid bacilli; or 
they may be carried by insects and other animals. For example, the 
bacteria of the bubonic plague is carried by rats and transmitted to man 
by fleas; typhus fever is transmitted to man by body lice. For a discussion 
of human diseases caused by pathogenic bacteria, see the next chapter. 

Control of bacterial diseases is possible through sanitation or cleanli¬ 
ness, sterilizing articles known to be contaminated, quarantine of infected 
plants and animals, use of vaccination, antitoxin (page 569), and other 
specific measures. It is particularly important that the water and milk 
supply be kept pure. 

B, Bryoph 3 rtes; Liverworts and Mosses. —Peat moss, or Sphagnum, 
is used by florists in packing and shipping flowers and in gardening to 
keep the ground moist. This moss is able to absorb from sixteen to twenty 
times as much moisture as the same weight of cotton. It had a limited 
use in hospitals during the First World War as surgical dressings. The 
liiost important use, however, is in the form of peat (page 204), In some 
countries (as in Ireland), it is dried and used as a fuel. Sphagnum forms 
bogs; then other plants come in, and gradually the land is reclaimed 
from water. 

C« Pteridophytes (Lycopsidai Sphenopsidai and Pteropsida) (p. 206), 
1. Club Mosses. —Club mosses are extensively used as Christmas greens. 
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From them we ohtsJm Lycopodium powder, used by druggists. This powder 
was formerly used in the manufacture of fireworks. 

2. Horsetails. —These are often called scouring rushes because of 
the silica in their walls, which make them good scouring agents. They 
also had a share in the formation of coal beds (page 208). 

3. Ferns. —^These are extensively used as ornamental plants. They 
furnish a few unimportant drugs. However, they have played an impor¬ 
tant part in the formation of coal (page 208; Fig. 518). 

D. Seed Plants (Gymnosperms and Angiosperms).—^The seed plants 
furnish man with so many types of supplies that it is difficult to mention 
even the important contributions from the various families. Products 
like sugar come from several families; for this reason, some important 
products of this kind are mentioned separately. 

1. A Few Important Plant Families and Their Products. 
o. The Grass Family (Gramineae). (1) Food plants. —Here belong the 
cereals that include the great crop plants wheat, corn, barley, rice, 
and oats; also, sugar canes and sorghums, from which we obtain sugar 
and syrups. 

(2) Industrial uses of the grains. —Corn is used in making indus¬ 
trial alcohol; pith of the cornstalks is of value in packing and making 
explosives; a coarse paper is made from corn stalks; the husks are used in 
making a poor grade of mattress; corncobs make a fine quality of char¬ 
coal. Rye is also a source of commercial alcohol and liquor; the straw is 
used in making strawboard and hats. 

b. The Pea Family (Leguminosae ).—Members of this family furnish 
food for both man and beast. 

(1) Food plants. —Peas and beans are important starchy foods; 
peanuts are used as food, and the oil expressed from the seed is used as 
salad oil and in soap making; important leguminous crops are alfalfa, 
clover, and vetch, all of which are used as hay. 

(2) Products used in industry. —^The soybean is becoming more 
and more important as a food and for the oil contained in the seed, which 
is used in the paint industry; the cake left behind after the oil is expressed 
from the seeds is used as stock food and as a fertilizer. 

(3) Soil building. —Nodules on the roots of leguminous jdants 
contain nitrogen-fixing bacteria (page 63), bacteria that are able 
to fix nitrogen from the air; these plants, therefore, play a role in soil 
building. 

c. The Mallow Family {Malvaceae). (1) Ornamental and food 
plants. —Hollyhocks, poppies, mallows, etc., are ornamental plants of 
this family. Okra is a common food plant belonging here. 

(2) Cotton. —Cotton is cultivated for its fiber. This fiber was 
emfdoyed in India in making doth as Icmg ago as 3000 b. c. 
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(a) Cotton Fiber (Fig. 5*5).—Cotton fiber is an extension of a hair 
from the seed coat; its length varies with the type of cotton, being longest 
in sea-island cotton; it is almost pure cellulose but contains a little fat and 
some protein. Products from the fiber are cotton thread and textiles; 
rayon, often used in place of silk;^ guncotton, used in the manufacture 
of explosives; celluloid, collodion, and many other products. 

(b) Cotton Seeds.—From cotton seeds, the important products are 
cottonseed oil and cottonseed meal; the cake left after expressing the 



Fis. 525.—Cotton. (A) Cotton (lowers, leaves, end sreen boll. (B) Cotton fiber in mature 
boib, ready for pickins. Leaves have been removed from this plant. (Courtesy of the Extension 
Division, U.S. Department of Asriculture.) 


oil from the seeds, may be ground into meal and used as stock food or 
may be used as a fertilizer; the oil is used in cooking, as a salad oil, in 
soap making, and in butter and lard substitutes; cottonseed hulls are also 
used as a stock food. 

d. The Flax Family (Linaceae), —Linen thread, twine, and other 
articles are made from the fiber of the flax plant. Linseed oil is expressed 
from the seed and is used in the paint industry; flaxseeds are of value in 
medicine, being used especially in making poultices. 

e. The Mtdberry Family (Moraceae). —Rubber is made from the milky 
juice (latex) of many members of this family. The best crude rubber is 
obtained from the para rubber tree (Hevea. braziliensis) (Fig. 526A); 
gutta-percha, made from the milky juice of a plant (Palanquium oblongi- 

^ SQuroe, of cellulose for making ra^on and other j^roducts is wood ^ul]^. 
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folia) somewhat like the rubber plants is a hard, firm material used in 
covering submarine cables and in other ways; figs are used as food by 
man; hops, from the hop plants, are used in making beer; hemp plants 
produce valuable fibers used in making twine, sacking, bagging, etc.; 
the leaves of the mulberry furnish food for the larvae of silkworms and 
so are important in a successful silk industry. 



Fig. 586.—Products from trots useful to men. (A) Tapping a rubber tree (Hevea 
braziiiensis). (Courtesy of U.S. Rubber Company.) (B) Stripping corkwood from a cork tree 
(Quercus suber). (Courtesy of Armstrong Cork Company.) 


2. Some Important PiANT Products, a. Sugar ,—Sugar is obtained 
from sugar cane, the sugar beet, and from several trees, especially the 
sugar maple. 

b. Familiar Beverages, —^Tea, coffee, and chocolate are familiar bever¬ 
ages of the household. Tea was made from the plant Thea sinensis in 
China as long ago as 2700 b.c. The leaves of the plant are plucked and 
dried, and the type of tea depends upon preparation; green tea is from 
leaves that have been dried quickly; black tea is prepared by allowing 
the leaves to dry slowly, some fermentation taking place. The stimulating 
effect of tea is from a drug known as iheine; tannin is also present, as well 
as a volatile oil that pves the tea its pleasant odor. 
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Coffee comes from two shrubs, Coffea arabica and C. liberica. The 
coffee is made from berries (Fig. 527), and these berries contain a volatile 
oil. The aroma is derived from substances produced in the roasting of the 
berries. A drug, caffein, gives coffee a stimulating effect. 

Chocolate and cocoa come from the seeds of the cacao tree {Theobroma 
cacao). If chocolate is to be made, the seeds are cleaned, roasted, and 
ground; if cocoa is to be made, the fat (cocoa butter) is taken out of the 
beans by a hydraulic press. The stimulating effect comes from a drug, 
theobromine^ present in the cocoa beans. 



Fi^. 527.—(A) Flowen of the coffee tree. (B) end (C) Berries of coffee trees from Cosle Rice 
end Brezil. (Courtesy of Pen Americen Union.) 


c. Drugs. —Every country has its own medicinal plants, and there 
are thousands of these. Only a few of the more important will be men¬ 
tioned. (1) Ojyiumy an important drug for relief of pain, is made from the 
dried, milky juice of a poppy capsule {Papaver somniferum) (Fig. 528J); 
it contains morphine^ codeine^ and about a dozen other alkaloid drugs; 
it may be habit-forming (page 852). (2) Quinine is an important drug 
used in the treatment of malaria. It is obtained from the bark of the 
Cinchona tree (Fig. 528J5) and was named for the Countess of Chinchon, 
wife of a viceroy to Peru, who was cured of a fever by the use of the bark 
in 1628. She caused some of the powdered bark to be carried to Spain. 
(3) Digitalis is of value in the treatment of heart diseases and is obtained 
from the ornamental foxglove {Digitalis) (Fig. 174C). (4) Belladonna is 
a member of the nightshade family (Fig. 528C, Atropa belladonna). Atro¬ 
pine is obtained from it and is used by oculists. It paralyzes the eye mus¬ 
cles of accommodation so that the oculist is able to see the eye structures 
more clearly; its effects soon wear off. (6) Chavlmoogra oiZ, obtained from 
the seeds of the chaulmoogra tree, or, as the natives call it, the kalew^ is 
important in the treatment of leprosy. (7) Cdscara is a mild cathartic pre- 
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pared from the bark of the California buckthorn (Rhamntis purshiana)- 
(8) Strychnine is a stimulant and is obtained from an East Indian tree 



C D 


Rg. ImportenI drug plants. (A) Opium if obtainad from a tpecias of poppy, 

Papavar tomnifanim. (B) Quinina If obtainad from tha bark of Cinchona traaf. (Q Baladonna, 
a dru 9 Ufad by oculifi. If praparad from tha plant Atropa balladona. (D) A camphor traa 
about 2,000 yaan old. Nativaf in Formosa wonhip thasa old Iraas. L(A) (B) (C), Courtasy of 
March and Company, (D) Courtasy of Unlvarslty of Minnasota, Collasa of Pharmacy.] 

(Strychnoe nuxvomica) and other plants. (9) Camphor is used in medicine 
and in the manufacture of celluloid; it is obtained from the camphor tree, 
Cinnemomum camphora (Fig. S^D)^ and is now made synthetically. 
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d. Spices and Volatile Oils. —Certain oils, such as bergamot, sassafras, 
clove, cedar, nutmeg, thyme, wintergreen, peppermint, and lemon are of 
value for flavoring and for making perfumery. 

Cinnamon is obtained from the bark of several trees of the laurel 
family. Black pepper is made from the berry of a climbing plant {Piper 
nigrum). White pepper is obtained from the same source, the outer coat of 
the berry being removed. Cayenne pepper is the fruit of a plant belonging 
to the nightshade family {Capsicum). Cloves are the dried buds of the 
clove tree {Eugenia aromatica); oil obtained from cloves is used by dentists 
as a local anesthetic. Nutmeg is the seed and mace the outer coat of the 



Fis. 589.—^Turpentinins near Ocilla, Ga. (A) Cutting a gash for holding gutter. (B) Emptying 

the carrying bucket 


seed of a tree {Myristica) that grows wild in New Guinea and the Molucca 
Islands. Ginger is the rhizome of the ginger plant {Zingiber officinale). 
Allspice is the dried fruit of a West Indian tree of the myrtle family 
{Pimenta offinalis). Vanilla is the extract of vanilla beans from a climb¬ 
ing orchid plant {Vanilla planifolia)^ which grows in Mexico and Central 
America; a cheap substitute is prepared from coal tar. 

e. Turpentine^ Resin^ Tar. —^Turpentine is used in making paints and 
varnishes and as an antiseptic. Methods of collection are shown in Fig. 
589. After collection, the turpentine is takep to a still, where the turpen¬ 
tine is distilled off. The material left behind is a solid substance called 
ro^*7i. Turpentine is derived from various conifers, especially pine trees 
{Pinus). Pine tar is obtained by the slow burning of pine wood in 
making charcoal; it is used in road building, roofing, etc. 

/. Cork .—Cork is the bark of the cork tree {Quercus suber); it is 
stripped from the trees when they are about 20 years old (Fig. 5i6B). 
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Later crops, gathered at intervals of about 10 years, produce finer cork 
than the first crop. 

Hi. The Relations of Animals to Man 

A. Protozoa.—Although Protozoa are mostly microscopic in size 
and are the most primitive of all animals, they exert a profound influence 
on human welfare. The majority are harmless and may even be con¬ 
sidered beneficial, since they make up a large part of the food supply 
of the higher animals. A few, however, are responsible for some of the 
most important of all human and animal diseases; others are of interest 
in relation to the fertility of the soil, to the purity of our drinking water, 
and to the building up of the earth’s crust. 

1. Some Protozoa That Affect Drinking 'Water.— Dinobryon 
(Fig. 188C), Synura (Fig. 188 jF), and Uroglena, all flagellates, may get 
into the water supply and give the water a fishy odor and a bitter taste. 
While alive, these Protozoa are harmless, but when they die they liberate 
into the water minute droplets of aromatic oil. It is said that the odor 
produced by Synura can be detected when only one part of the oil is 
present in 25 million parts of water. Copper sulphate in very small 
quantities will destroy these organisms. 

2. Soil Protozoa. —Moist soil is teeming with Protozoa to a depth 
of 1 ft. to 18 in. About 250 different species have been described in this 
environment. Many soil Protozoa feed on bacteria, and, since bacteria 
are known to influence the soil fertility, the soil Protozoa influence soil 
fertility indirectly. 

3. Protozoa in the Earth’s Crust. —^The radiolarians and the 
foraminiferans have played an important role in building some types 
of the earth’s crust (page 287). 

4. Parasitic Protozoa.—^A parasite may be described as an or¬ 
ganism that lives on or within the body of another species of organism, 
the host 

a, Harmless Parasites. —^In many cases the parasite is harmless to 
the host and, in some cases, may be even beneficial. The flagellates that 
live in the intestine of the white ant” (page 287) digest the wood that 
these termites eat; if these flagellates were not present, the termites 
would die. 

5. Some Animal Diseases Caused by Protozoa. (1) Texas cattle 
fever was found by Smith and Kilboume, in 1893, to be caused by a 
minute protozoan Babesia^ or Piroplasma bigemina; it is transmitted by a 
certain species of tick. The red blood Corpuscles of the host are destroyed 
by the parasite. 

(2) Pebbine, or silkworm disease. —In 1867, Pasteur saved the 
silk industry of France by discovering this parasite, Nosema bombycis. 
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The larvae of the silkworm get the spores by eating infected mulberry 
leaves. Inside the body of the larvae, the spores hatch, multiply very 
rapidly, invade all the tissues, and eventually kill the host. As is the case 
in Texas cattle fever, spores penetrate the eggs of the moth, and the 
larvae that hatch from these eggs are infected. 

(3) CocciDiosis ,—Coccidia are spore-bearing Protozoa that invade 
the tissues of the alimentary canal or the liver of various kinds of animals, 
especially rabbits and chickens. They affect man rarely. When the oocysts, 
or reproductive bodies, are swallowed by the animal, the spores escape 
from them and penetrate into the walls of the intestine. Large numbers 
of rabbits and chickens are destroyed in this way. 

(4) CiLiATE DISEASE OF FISH. —ciliated protozoan, Ichthyopthirius 
muUifiliis, attacks fish by embedding itself in the skin or gills. Here it 
forms pustules in which growth to maturity takes place. The full-grown 
ciliates break out and sink to the bottom of the pool or aquarium and 
divide rapidly; each ciliate will produce about 1,000 minute young 
ciliates; these attack other fish and so repeat the cycle. 

(5) Trypanosome diseases of animals. —In Africa and South and 
Central America, it is difficult in some localities to keep horses and cattle 
alive because of the attacks of trypanosomes. These protozoans live in 
the blood plasma and probably secrete a substance that poisons the 
infected animal. Transmission of trypanosomes from one animal to 
another are by blood-sucking tsetse flies in Africa, kissing bugs in South 
America, and vampire bats in Central America. 

c. Human Diseases Due to Protozoa. —Twenty-five or more s|>ecies 
of Protozoa live inside of the bodies of human beings: % species in the 
mouth, 2 in the small intestine, 10 in the large intestine, 1 in the urinary 
tract, 9 in the blood, and 1 in the muscles. One individual may harbor 
as many as half a dozen species; some arc harmless; many are harmful. 

(1) Dysentery in man is caused by a species of Amoeba {Endamoeba 
histolytica) y a ciliate {Balantidium coli)y as well as certain other organisms 
(bacteria). Endamoeba histolytica produces spherical cysts with protective 
coverings. These may contaminate food and drink. If swallowed while 
they are stiU alive, they hatch in the small intestine and pass to the large 
intestine, where they attack the intestinal wall, causing abscesses and 
ulcers. Amoebic dysentery (amoebiasis) may cause death. 

On Aug. 15th, 1933, a number of cases of amoebic dysentery occurred 
in two Chicago hotels. Examination revealed a leak in a sewer pipe that 
contaminated a tank of ice water that was being circulated throughout 
the hotels. After the plumbing was repaired, no further cases appeared. 
Cysts probably live longer in iced water than under any other conditions. 
The data indicate that about a thousand cases of amoebic dysentery 
were contracted in these hotels, resulting in about 58 deaths. 
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Ciliate dysentery is somewhat rare. Hiunan infection is probably 
from pigs, most of whom are parasitized by B. coli. The pigs a{ 4 )ear to 
suffer no ill effects from the parasite. Cysts are passed with the excreta 
of the host; infection resulting from swallowing food or drink contami¬ 
nated with these cysts. 

(2) Trypanosome diseases. —^Trypanosomiasis occurs in certain 
parts of Africa, Central and South America. None of the blood-sucking 
insects that transmit the trypanosomes occur in the United States. 

(a) African Sleeping Sickness.—The trypanosome, Trypanosoma 
gambiensi (Fig. 530), is transmitted by tsetse flies belonging to the 



Fig. 530.—(A) Trypanosomes, organisms which cause African sleeping sickness. These 
organisms are transmitted by the tsetse fly. (Courtesy of The Army Medical Museum.) 
(B) The '*cootie/* or human body louse (Pediculut humanis corporis), the insect which trans¬ 
mits trench fever. (Courtesy of U.S. Bureau of Entomology.) 

genus Glossina. When infected blood is drawn into the fly’s stomach, 
the trypanosomes begin to multiply; in about 10 days, they migrate 
to the salivary glands through the salivary ducts in the mouth and pass 
through developmental stages here. When such an infected fly bites 
man, trypanosomes are inoculated into the victim. The trypanosomes 
live in the blood plasma, multiply rapidly by binary fission, and are soon 
distributed to all parts of the body by the blood and lymph. These 
animals appear to be attracted especially to the lymph glands and 
the central nervous system. Sometimes the patient recovers; often the 
disease proceeds to the sleeping-sickness stage, characterized by a slow, 
shuffling gait, a vacant expression, a tendency to fall asleep at any time, 
and, finally, a coma, from which there is no awakening, death following 
in due time. 

(5) American Trypanosomiasis, or Chagas’ Disease.—^This is trans¬ 
mitted by the kissing bug (Tnatoma), which lives in the Southern states, 
as far north as southern Illinois and Ohio, and also in the Southwestern 
states. The bug is infected by sucking blood containing the trypanosomes. 
They multiply in the stomach of the bug, then pass to the rectum. When 
biting a human being, the bug may evacuate a drop of excrement con¬ 
taining the trypanosomes; scratching or rubbing may force some of the 
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trypanosomes into the wound made by the bug, and so infection results. 
The eflFects of infection depend upon the organs invaded: when the heart 
is parasitized, myocarditis results; when the nerve cells are invaded, 
nervous symptoms arise; general symptoms are irregular fever, enlarged 
glands, and anemia. No satisfactory treatment has been discovered. 

Reservoir hosts in Africa are the antelopes; in America, opossums 
and armadillos may be infected and may furnish an infective dose to 
bugs that bite them. 

(S) Oriental sore and kai^ azar. —These two diseases are due 
to flagellated protozoans belonging to the genus Leishmania^ named 



Fig. 531 .^A) Sponges on deck of a Tarpon Springs, Fla., boat (B) Collecting salmon 
from a floating trap, Alaska. (Courtesy of U.S. Bureau of Fisheries.) 

after Leishman, a British army surgeon. Oriental sore is limited to the 
Near and Far East; a type of disease similar to it occurs in Central and 
South America. Ivala azar is a disease of Oriental countries, usually fatal 
and characterized by emaciation, enlargement of the spleen, and anemia. 

(4) Malaria. —^This is by far the most important disease due to a 
protozoan. Vast regions in tropical and semitropical countries are 
practically uninhabited because of malaria. People who do live there 
are made miserable and ineffective by attacks of this disease. (See 
pages 274 to 277 for the life cycle of the malaria parasite Plasmodium,) 
B. Sponges. 1. Influence on the Food Supply of Man.— 
Sponges indirectly affect the food supply of man by covering oysters 
and other bivalves and so cutting off their food supply. 






BIOLOGY AND HUMAN WELFARE 


817 


2. Sponges of Commerce. —Sponges used by man are skeletons of 
spongin secreted by the Demospongiae. This substance contains some 
of the same materials as those in silk. Commercial sponges are of various 
types (Fig. 531). 

C. Coelenterates.—Only the corals among the coelenterates are of 
any great value to man, although Hydra, Obelia, Aurelia, and some other 
types are favorite animals for biological study (Chap. XIX). Precious, 
or red, coral is composed of carbonate of lime secreted by coral polyps. 
It is used in jewelry and is found off the coast of Algeria, Tunesia, Sicily, 
and Japan. 

D. Platyhelminthes. 1. Parasitic Flat worms. —Two types of 
flatworms live in man and domestic animals, the flukes and tapeworms. 

a. The Liver Fluke of the Sheep .—This parasite causes great loss 
among the sheep flocks when it makes its appearance. It lives in the liver 
of the sheep (Fig. 220), and one fluke may produce as many as 500,000 
eggs. For the life cycle of this parasite, see page 315. 

This is only one of many species of flukes that are parasitic in animals 
that serve as food for man. Domestic and food animals are also frequently 
parasitized by taj)cworms, whose life cycles are similar to that of the 
pork tapeworm of man. 

b. Flatworms That Parasitize Man .—Few flukes occur in human 
beings in this country. In China, Japan, and Egypt, however, thousands 
become sick, and many die because of infestation with these flukes. 
The flukes may live in the intestine, the liver, the lungs, or the blood. 

Tapeworms, Taenia solium and T. saginata, parasitize man. Infection 
occurs by eating undercooked pork containing the parasites in the case of 
T. solium, and from eating infected rare steak in the case of T. saginata. 
(For the life cycle of tapeworms, see page 317.) 

E. Nemathelminthes. 1. Roundworms That Parasitize Domestic 
Animals. —Every type of domesticated animal contains parasitic round- 
worms that do more or less serious injury. Among these arc the little 
worms that cause the gapes in poultry, the stomach worm of sheep and 
goats, which is a serious pest, and the roundworms of dogs, which cause 
the death of many valuable animals. 

Parasites of Man. a. Hookworms .—Within the human body, 
hookworms attach themselves to the wall of the small intestine and 
suck blood. When many wormg are present, a great deal of blood is 
lost, and the infected person becomes anemic, dull, and lazy; his skin 
becomes dry, his breath short, and his development retarded, both 
physically and mentally. (For the life cycle of the hookworm, see pages 
322-324.) 

6. Trichina .—Besides pigs, rats are involved in the transmission of 
trichina worms (Fig. 532). Rats are frequently infected with these 
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worms. Pigs become infected by eating offal or infected rats and the 
worms become embedded in their muscles. If muscle that is not cooked 
enough to kill the worms is eaten by human beings the worms 
escape from the digested muscle, burrow into the intestinal wall, and 



Fis. 532.-~Trichinelia spiralis, the organism causing trichinosis. Man gets the disease by 
eating uncooked infected pork. (A) Adult in the mucosa of a rat intestine 3 days after 
infection. (B) Migratory larvae, 16 days after infection. (C) Encapsulated worms in the muscle 
tissue of the rat, 30 days after infection. (D) Mauive infection; note degeneration of muscle. 
(E) Calcified cysts of Trichinella spiralis from human (cadaver) muscle. Last stage. (Courtesy 

of Prof. R. O. Christiansen, Alabama Polytechnic Institute.) 

/ 

become mature there. The mature females may deposit as many as 
10,000 young larvae directly in the lymphatics; or the larvae may burrow 
through the intestinal wall and get into the blood stream. They are 
carried to all parts of the body and become imbedded in muscles. 

c. Other Roundworms Parasitic in Man .—Human beings are para¬ 
sitized by at least 45 species of roundworms, some of which are wide- 
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spread and cause great suffering and thousands of deaths annually. 
Ascaris lumbricoides is an important parasite that lives in the intestine 
of man. The eggs of are laid in the human intestine and pass 

out of the body with the excrement. They are very resistant and if 
deposited on the soil may remain alive for many months. Embryos 
are formed under favorable conditions in about two weeks. Infection 
with Ascaris results from ingesting embryonated eggs. The eggs are 
usually carried to the mouth, either with food or water or by accidental 
transfer of soil containing such ova. They do not regularly hatch in the 
stomach but pass into the small intestine, where they begin to hatch 
within a few hours after ingestion. The larvae leave the intestine 
immediately and follow a definite path of migration through the tissues 
of the host, afterward returning to the intestine to grow into mature 
worms. 

When large numbers of larvae pass through the lungs, infiiammation 
is set up, and generalized pneumonia may result. The adults may be 
present in the intestine in such large numbers as to produce intestinal 
obstruction. Nervous symptoms, due to the presence of toxins from the 
worms, may appear. Fortunately, several drugs will easily remove the 
worms. Ascariasis is essentially a children's disease. 

d. Filaria, —The filarias cause several diseases, one of the most 
important of which is elephantiasis. The larvae of the parasites causing 
this disease {Wuchcreria bancrofti) live in the blood of man. During the 
day, they live in the blood of the deeper blood vessels, migrating at night 
to the superficial caj^illaries. When a mosquito bites the victim, blood 
containing the parasites is sucked up. The larvae dcvtdop in the body of 
the mosquito, get into its mouth parts, and are injected into the next 
victim, very much as malaria is transmitted. Persons infected have 
lymph glands obstructed by the parasites; this causes the enormous 
swelling of the limbs and other parts of the body and so gives the disease 
its name elephantiasis, 

e, Guinea Worm. —^The worm, Dracunculus mediensisy is a common 
human parasite in tropical countries. It was probably the “fiery serpent’’ 
mentioned by Moses (Numbers 21). Man becomes infected by drinking 
water containing the fresh-water crustacean Cyclops (Fig. 271). The 
female worm may reach a length of 3 ft. It is located under the skin 
and is extracted by being rolled on a stick a few turns a day (Fig. 224d). 
The larvae are discharged by the female through an opening in the human 
skin. If they reach water and find the CyclopSy they burrow into its body 
cavity and metamorphose. 

F. Annelids. 1. Earthwobms. —^Earthworms are continually honey¬ 
combing the soil, making it more porous and ensuring better penetration 
of air and moisture and, like miniature plowmen, are working over the 
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surface layers of the earth. The castings of the earthworms furnish 
fertilizer for the land thus making it more fertile. 

2, Leeches. —^The medicinal leech can swallow three times its own 
weight of blood at one meal, but since it takes about 9 months to digest 
this amount, meals are few and far between. Formerly leeches were used 
for blood letting,*" and for this reason physicians were referred to as 
leeches, 

G. Mollusks. 1. Moleusks Used as Food for Man. —Among the 
mollusks that furnish food for man are oysters (the most important), 
clams, mussels, scallops, snails, abaloncs, and squids. Snails are eaten in 
some countries. 

a. Oysters, —Oysters occur close to the seashore throughout the world 
(Fig. 259). The adults are fastened on one side and incapable of loco¬ 
motion. No niuscular foot, such as is found in the clam, is developed; 
hence the body is soft and edible. 

Oyster farming is a successful industry. The beds arc prepared by 
strewing empty shells on the proposed site. These settle to the bottom 
and furnish a place of attachment for the young oysters, or spaty as they 
are called. The larvae are free-swimming for a time, often several days, 
before they attach themselves and begin to grow. At the end of a year, 
they are about in. long; they are now taken up, thinned out, and 
replanted. In from 3 to 5 years, they are ready for the market. About 
30 million bu. of oysters are sold in the United States every year. 

b, Squidsy Cuttlefish, Octopi, —Squids are used as food for man in 
Oriental countries. They are eaten in enormous quantities by fish, and 
especially by whales. They are also very valuable as bait; about one-half 
of the bait used in fishing for cod on the Newfoundland banks consists of 
squids (page 368). Cuttlefish are close relatives to squids. They furnish 
the cuttlebone given to caged birds (page 369). 

Octopi live in dark caves in the rocks and in crevices in coral reefs 
in the warm waters of the tropics. Most of them are not large enough 
to harm a human being, but the giant octopus (devilfish) of the Pacific 
reaches a diameter of 28 ft. and is really dangerous (page 369). 

2. Mollusks as Scavengers. —Organic particles that would soon 
pollute water if not destroyed in some way are used by mollusks as food. 
In this way the mollusks do real service as scavengers. 

3. Commercial Products from Mollusks. a. Pearl buttons are 
manufactured largely from the shells of mussels (Fig. 263). Thousand ? 
of tons are used in this way. 

b. Cameos of some types are carved from mollusk shells (Fig. 263). 

c. Pearls are prized as jewelry. They consist of a substance secreted by 
the mantle of the animal around a foreign particle or parasitic worm that 
has become lodged in the shell (page 371). The best pearls are obtained 
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from pearl “oysters,” which are really mussels, Ceylon is the site of the 
most famous pearl fisheries. 

4. Harmful Mollusks.— The mollusks that do the most damage 
are slugs, shipworms, and oyster drills. 

a. Slugs. —Sugs (page 366) are closely related to land snails (Fig. 
258). They come forth at night to feed on vegetation, which they gnim 
up with their rasping tongue, selecting especially tender young lettuce, 
celery, and potato plants. Those slugs that live in warm greenhouses 
remain active all winter unless destroyed. 

h. Shipvmrrns.—Teredo navalis is a bivalve mollusk whose valves are 
provided with tiny teeth that are capable of rasping away wood when 
the shell is rotated. Eventually the largest timbers infested with them 
become so honeycombed that they crumble to bits. The damage these 
animals do yearly is enormous. 

c. Oyster DriUs .—These animals look like ordinary snails (Fig. 259). 
Although some of them are loss than an inch long, they do not hesitate 
to attack oysters and clams many times their size. Selecting a place near 
the hinge of an oyster’s shell, the drill rasps a hole through it and then 
sucks the soft, living tissue of the oyster through the hole. 

H. Echinoderms. 1. Trepang. —In the Far East, sea cucumbers 
(page 357) arc collected in large numbers, cooked, dried in the sun, and 
sold under the names trepang and beche-de-mer (caterpillar of the sea). It is 
considered a great delicacy, especially by the Chinese, who use it in mak¬ 
ing soup. 

2. Harmful Echinoderms. —^The starfish is a voracious, carnivorous 
animal, especially injurious to oysters and clams (page 354). 

I. Arthropoda.—The arthropods include many types of animals that 
are economically important, especially crustaceans and insects. 

1. Crustacea, a. Crustaceans Used as Food, —^I..obsters are the 
most important Crustacea used as human food. In certain localities, 
especially Louisiana, Georgia, and California, the blue or edible crabs 
and shrimps are the basis for important industries. 

Probably the Crustacea are most valuable as food for lower animals, 
since many edible shrimps live almost exclusively on them. 

b. Harmful Crustaceans .—In some of the Southern states, crayfish 
destroy cotton and corn plants (page 386). A small crustacean, Cyclops^ is 
responsible for transmission of the Guinea worm (page 819; Fig. 271) to man. 

2. Insecta. a. Beneficial Insects. —The two most important bene¬ 
ficial insects are the silkworm and the honeybee. Other insects produce 
valuable materials such as cochineal, lac, and tannic acid; some serve 
as scavengers; many are predaceous and feed on insects that are harmful; 
some are parasitic on injurious species; a number of our important plants 
depend entirely upon insects for pollination, e.g.^ red clover. 



822 


BIOLOGY: THE SCIENCE OF LIFE 


(1) SiLKWOEMS. —The silkworm is the larva of the moth, Bombyx 
mori. The silk is produced by a fluid that passes out from the silk glands 
and hardens as it comes in contact with the air. The thread is first 
attached to a near-by object; then the larva spins a cocoon around itself 
by winding around and around a single thread about 1,000 ft. in length. 
It then pupates, and the mature moth emerges from this cocoon in about 
2 weeks, if undisturbed. To get the silk, the larva of the moth must be 
killed in the cocoon; otherwise the moth destroys one end of the cocoon 
when it emerges. 

(2) Honeybees. —Honeybees produce wax and honey and gather 
pollen. The wax out of which honeycomb is built is secreted by glands on 
the undersurface of the abdomen of the workers. Honey is not collected 



body of plant louse, or aphid. (B) Adult parasite emergins from aphid after it has com- 


pleted its development inside. (After Webster, Cir. 107, N.J. Experiment Station.) 


from flowers but is manufactured from the nectar of flowers. When the 
bees gather pollen for their own use, they accidentally perform a valuable 
service of cross-pollination of many flowers. (For further information 
about bees, see page 403.) 

(3) Scavengers. —Many insects feed on decaying matter. For 
example, flies quickly locate dead animals, upon which they lay eggs. 
The maggots that hatch from these eggs quickly devour the carcass. 
Burying beetles have the peculiar habit of digging the soil away from 
beneath the dead bodies of small animals, thus burying them. These 
bodies furnish an excellent food supply for the grubs that hatch from the 
insect’s eggs. 

(4) Beneficial predaceous insects. —^These are insects that capture 
and devour other animals for food, principally other insects, many of 
which are injurious. Perhaps the most remarkable predaceous insect is 
the Australian ladybird beetle, Rodalia cardinalis^ which was imported 
into the United States in 1888. Since the food of ladybird beetles is the 
fluted-scale insect, which was destroying the orange trees of California, 
these beetles are credited with saving the orange industry of California. 

(5) Beneficial parasitic insects. —Many parasitic insects likewise 
attack other insects that are harmful. They lay one or more eggs in or on 
the body of their victim, and the larva that emerges from the egg feeds 
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slowly upon the substance within the victim’s body (Fig. 533). Many 
insect pests such as the Tussock moth, the army worm, and the gypsy 
moth are partly held in check by such parasites. 

(6) Insects and pollination. —Besides the red clover (page 164), 
many other plants depend upon insects for pollination. One striking 
example is the case of the Smyrna fig. Prior to 1900, this fig could not be 
grown in California. The figs did not ripen, because their flowers were not 
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Fig. 534.—^The eggs (greatly magnified), larvae, and adults of the clothes moth (Tinea 
pellionelta). The larvae of these moths eat wool, feathers, and furs, doing immense damage 
each year. (Courtesy of U.S. Bureau of Entomology.) 

pollinated. When pollination was found to be accomplished by a small 
wasp, Blastophaga psenes, this insect was introduced into the fig-growing 
districts of California, and a successful new industry was established. 

6. Some Insect Household Pests .—Certain insects are unwelcome 
household guests. Among these are: (1) houseflies, which distribute 
germs of various diseases, such as typhoid, cholera, and anthrax. Many 
of these germs are carried on the hairs of the legs (Fig. 132). (2) Cock¬ 
roaches, which have an offensive odor and seem able to eat any kind of 
food. (3) Silverfish, which eat starch in bookbindings, clothing, and even 
wallpaper. (4) Bedbugs, wingless insects that may attack birds, mice, 
and man. (5) Clothes moths (Fig. 534), very small insects that lay their 
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eggs in clothing or fur. The larvae eat this material and destroy annually 
clothes and furs valued at millions of dollars. These insects were known 
in ancient times, for they are mentioned in the Book of Job. (6) Carpet 
beetle larvae that also feed on furs and woolens, especially carpets. (7) 
Meal worms, larvae of a type of beetle that appear in oatmeal and other 
cereals. (8) Ants, sometimes serious pests, especially the little red ants 
which may live in colonies in walls, or under floors. (9) House fleas, which 
live in dusty crevices and under carpets. (10) Termites, or “white ants,” 
which feed on wood and wood products (page 287). 



Fig. 535.—^The gypsy moth. (A) Life cycle/ from eggs to adults. (B) Tree defoliated by 
these moths. (C) One method of preventing young larvae from climbing trees. (Courtesy of 
U.S. Bureau of Entomology.) 


c. Special Insect Pests That Injure Vegetation ,—Most of the 625,000 
species of insects that have been identified feed on plants. In addition 
to attacking weeds and nonuseful plants, they attack flowers and trees, 
as well as plants from which useful products are derived. Each species 
of plant is infested with many kinds of insects, but usually only a few 
of these are destructive. Thus, corn is attacked by about 200 different 
species of insect enemies; clover, by a like number; apple trees and apples, 
by about 400; and oak trees, by probably 1,000. 

(1) Gypsy moths (Fig. 532).—The caterpillar of the gypsy moth 
(Porthetria dispar) is hairy and about 2 in. long. It feeds on all sorts of 
leaves. The adults are brownish and inconspicuous with a wingspread of 
1)4, in. The caterpillars can be prevented from reaching the leaves by 
surrounding the trunks of trees with a burlap band (Fig. 535) or a ring of 
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sticky tanglefoot. This moth, which does untold damage each year, was 
accidentally introduced into this country in 1869. 

(2) Potato beetle (Leptinotarsa decemlineata), —Before 1850, the 
potato beetle, or bug, used sandbur plants for food. When the settlers 
introduced the succulent potato plant, the beetles found it an excellent 
food plant, and they traveled eastward at an ever-increasing rate until, by 
1874, they had reached the Atlantic coast. They acquired a new name, the 
Colorado potato beetle. Paris green, an arsenic preparation, sprinkled on 
the plants, kills the beetles, which take this poison into the stomach when 
they eat the leaves so treated. 

(3) The (.otton boll weevil (Anthonomus grandis), —Cotton is pro¬ 
duced in this country over a region of 600 miles from north to south and 



Fis. 536.—^Two methods of combating the insect menace. (A) Dusting cotton with 
calcium arsenate from an airplane to control the boll weevil. (Courtesy of U.S. Bureau of 
Entomology.) (B) Spraying pool with Paris green to prevent mosquito breeding. (Courtesy 
of The Army Medical Museum.) 

2,000 miles from east to west. It is attacked by the boll weevil, pink boll- 
worm, leaf worm, louse, leaf hopper, and many other insects of less impor¬ 
tance. The boll weevil does the greatest damage. It now covers 90 per cent 
of the cotton area and in recent years has destroyed about 15 per cent of 
the entire crop. It is indirectly controlled by increasing the productivity of 
the plants and by hastening the maturity of the plants before the weevils 
become abundant. Dusting with calcium arsenate has been found effective 
and profitable as a control measure (Fig. 536). 

d. Vegetation Injured by Groups of Insects, (1) Farm crops. —Many 
farm crops are attacked by army worms, which crawl along in vast armies, 
feeding upon the leaves and stalks of grains and grasses, the heads of 
which they generally bite off. Chinch bugs suck the juices from plants, 
injuring particularly small grains and com. Cutworms arc the caterpillars 
of small moths that eat the leaves of young corn and damage the roots 
of many kinds of plants. The European corn borer is the larva of a moth 
that was introduced from Europe; it has the habit of boring into the stalk 
of a corn plant. Other notorious pests of field crops are grasshoppers; the 
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Hessian fly, which attacks the stalks of wheat; the green bug, a plant 
louse that sucks the juices of oats, wheat, barley, and com, stunting or 
killing the plants; the corn-ear worm, which eats the ears of corn; and the 
alfalfa weevil, which attacks alfalfa plants. 

(2) Garden vegetables. —Garden vegetables are injured or de¬ 
stroyed by insect pests, every vegetable being attacked by one or more. 
The cabbage worm of the larva of the cabbage butterfly is a species 
accidentally introduced in this country in 1860. Peas and beans are 
attacked by weevils, cucumbers by the striped cucumber beetle, squashes 
by the squash bug, and celery by celery caterpillars. 

(3) Fruit trees and fruit. —Injurious insects are attracted to fruit 
as well as to fruit trees. For example, the San Jose scale {Aspidiotus 
perniciostis)^ which appeared near San Jose, Calif., in 1880, and other 
scale insects are particularly harmful to young trees. Apple trees and 
apples are attacked by plant lice and codling moths, the latter being 
responsible for wormy apples. All sorts of fruit fall prey to the Mediter¬ 
ranean fruit fly. During recent years, Japanese beetles have become a 
notorious pest. They feed on over 200 species of plants, and strenuous 
efforts are being made to keep them from spreading. 

(4) Shade trees. —^Many shade trees have specific pests. A few of 
these are the elm-leaf beetle, the brown-tailed moth, and the tent cater¬ 
pillar, as well as various types of borers. 

e. Insect Parasites of Man. —^Fkas and lice may be ectoparasites of 
man. The jigger flea, or chigoe, is a common pest in tropical and sub¬ 
tropical countries. When ready to lay her eggs, the female burrows into 
the skin, usually of the feet, causing a swelling that may become a 
dangerous ulcer. 

Three species of sucking lice live on human beings: (1) Head lice 
are the most numerous above the ears and on the back of the head. They 
are about in. long, gray in color; the legs are stout and strong, with 
recurved claws fitted for clasping and holding hairs; the mouth parts 
form a tube in which are the piercing organs. (2) The body louse, or 
“cootie” (Fig. 5305), famed in the annals of the A.E.F., is somewhat 
similar to the head louse but is slightly larger and prefers to live in 
clothing. (3) Crab lice are less common than the other two species* They 
live in the pubic region, are nearly as broad as long and are grayish white. 

/. Some Insects That Transmit Human Diseases. (1) Mosquitoes 
transmit the organisms causing malaria (page 274) and, among other 
organisms, those causing yellow fever, dengue fever, and elephantiasis 
(page 819). 

(2) Flies, bugs, and rat fleas. —^African sleeping sickness is trans¬ 
mitted by tsetse flies (page 815); Chagas" disease, by Tritoma bugs (page 
815); and bubonic plague, by rat fleas (page 806). 
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(3) Body lice transmit typhus. This discovery enabled the sanitary 
officers of the First World War to prevent typhus by disinfecting the 
clothes of the soldiers. It is transmitted to man from rats by fleas and 
from man to man by lice (page 848). 

3. Arachnids, a. Beneficial Arachnids. —Spiders, harvestmen, and 
scorpions benefit man indirectly, since they are carnivorous and feed 
largely on insects, most of which are injurious. 

b. Poisonous Spiders and Scorpions. —Some spiders are provided with 
poison claws, with which they kill their insect prey, but, with the excep¬ 
tion of the black-widow spider (Pig. 297) of the South and the tarantulas 
of the Southwest, they are not harmful to man. 

The black-widow spider is velvety black and has an hourglass-shaped 
bright red spot on the underabdomen. The bite is painful and may cause 
death. The spider gets its name from the fact that the female is likely 
to eat the male shortly after mating. 

Tarantulas are the giants of the spider world. One species that lives 
in South America has a body 2 in. long and legs that spread out over 
7 in. Although the regular diet of these spiders is insects, they are known 
to catch small birds occasionally. Its bite is supposed to be deadly, 
but experiments indicate that it is ordinarily no more serious than a bee 
sting. 

Scorpions are, in general, larger than spiders (Fig. 294). The tip of the 
tail is provided with a poison sting used in paralyzing the prey, mainly 
insects and spiders. 

c. Mites and Ticks. —These are directly injurious to man and the 
lower animals. Included in this group are species that attack poultry, 
that cause mange and scab in domestic animals, and a few that para¬ 
sitize man. 

Chicken mites are serious pests in certain parts of this country. 
They attack poultry at night and suck their blood. Fowl ticks are also 
a serious pest in some localities. 

Scab, or mange, on dogs, horses, sheep, and other animals may result 
from the attack of mites. A close relative of these mites {Sarcoptes scahei) 
is responsible for a type of human itch. 

Harvest mites, or chiggers {Trombicula irritans) are young mites that 
are red in color, hence often called red hugs. They live on or near the 
surface of the ground and crawl up on any part of the body that comes 
near them. They attach themselves to the human skin, insert their pierc¬ 
ing mouth parts, and begin to suck. After a few hours, itching begins that 
may last several days. 

Texas fjever in cattle is transmitted from a diseased animal to a clean 
one by a species of tick (page 427). 

A number of other diseases are also transmitted by these arachnids. 



828 


BIOLOGY: THE SCIENCE OF LIFE 


including Rocky Mountain spotted fever (page 427). This type of fever 
is primarily a disease of gnawing animals, such as ground squirrels, 
chipmunks, woodchucks, and rabbits and is transmitted by ticks. As 
in the Texas fever tick, the disease germs of Rocky Mountain spotted 
fever arc passed on from parent to offspring in the egg. 

J. Fish.—Although a few species of fish are harmful because of the 
valuable food fish and other useful aquatic animals that they destroy, 
most fish are of value to man (page 452). Some fish are usually called 
game fish and others,/oorf ^ 9 / 1 . From fish are derived a number of different 
kinds of products that are of importance to man. 

1. Harmful Fish. —The lamprey eel (Fig. 299) is not a tru(^ fish 
but is included here for convenience. It does great damage to fish used 
by man as food (page 436). The great white or man-eating shark may 
reach a length of over 40 ft. It is one of the most voracious of all sharks 
and occasionally attacks man. Some of the injuries attributed to sharks 
are due to a much smaller, bony fish, the barracuda. 

2. Game Fish. —Some game fish occur in fresh water and others in 
the sea. All game fish provide recreation for those who like to fish and, 
besides, nearly all of them are good to eat. 

Among the fresh-water game fish may be mentioned yellow perch, 
trout of various species, pickerel, and bass. The sea contains such game 
fish as tarpon, sea bass, tuna, swordfish, and sailfish. 

3. Food Fish. —In addition to game fish, there are some species that 
are especially important as a food supply for man. Some of these are 
herring, the mackerels, flounders, and codfish, all of which live in 
salt water. In fresh water are the whitefish, lake trout, and wall-eyed 
pike. 

The Pacific salmon is the largest and most valuable of all salmon. 
An average specimen weighs 20 lb., but 6()-pounders are frequently 
caught; some may be 5 ft. in length and weigh 100 lb. (page 452). 

The sturgeons live both in the sea and in fresh water. They resemble 
sharks in shape. Some of them reach a length of 12 ft. and a weight 
of 500 lb. The flesh of the sturgeon is rather coarse and beefy when 
fresh but is improved by smoking. The swim bladder is made into 
isinglass, which is used as a clarifier of wine, and as high-grade glue and 
court plaster. 

4. Some Fish Products, a. Caviar is made from the eggs or roe of 
sturgeons. That caviar was known in the sixteenth century is proved by 
Shakespeare, in "‘Hamlet,” when he says, “His play . . . pleased not 
the million; ’twas caviare to the general,” 

b. Oils and Fertilizers, —Quantities of fish oil are produced, every year 
from sharks and other fish. Oil from the livers of the cod and some other 
fiah invaluable because it contains vitamin D (page 527). 
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5. Fish and MaVLARiA Control. —Certain species of fish obtain their 
food near the surface of the water, and some of these are particularly 
fond of mosquito larvae. Sanitary officers now regularly use top minnows 
of the genus Gambusia for this purpose. 

K. Amphibia.—The members of this group are mostly beneficial. 
The toad, for exjimple, devours vast quantities of injurious insects, and 
frog legs are used by some people as food. 

L. Reptiles.—Most reptiles are harmless, and some are beneficial. 

1. Reptiles Useful to Man. —Some reptiles destroy many worms 
and insects; a few are used for food, especially turtles. The diamond- 
back turtle is especially esteemed as an article of food. Among the articles 
of commerce derived Iroin reptiles are alligator hides, used as leather, 
and tortoise shell from the hawksbill turtle. 

£. PoisoNons Reptiles. —The Gila monster of the Southwest is 
one of the few poisonous reptiles in the United States. Others are rattle¬ 
snakes, eopp(Thca,ds, and water moccasins (page 475). These are all 
known as pit vipers, b(*cause a depression, or pit, is present between the 
eye and the nostril on either side of the head. The pupil of the eye also 
differs from that of nonpoisonous snakes in that it is vertical instead of 
round. A recent review of the subject indicates that only about 16 per¬ 
sons per year die in the United States as a result of snakebites. (For 
snake venoms, see page 476.) 

M. Birds. 1. The “Farmer^s Friend." —Because of the insects 
that they devour, birds are often referred to as friends of the farmers, 
[t would not be possible to imagine the number of insects there would 
be on earth if birds did not keep them in check. Seed-eating birds also 
eat seeds of weeds, which might otherwise choke out useful plants. 

2. Game Birds. —Formerly game birds were of considerable economic 
importance. They are so greatly reduced in numbers, however, that 
they must be protected by law. They are hunted more for sport now 
during the ‘‘open" season than for food. Quail and ducks are still present 
in important numbers. Quail and turkeys are now reared in hatcheries 
for restocking the forests (page 84S). 

3. Birds of Prey. —Many birds of prey were formerly thought to 
be injurious on account of the poultry and game birds that they destroyed. 
However, some of these birds destroy field mice, rabbits, ground squirrels, 
and other small mammals, some of which are injurious to crops. Among 
the really harmful birds are the duck hawk, sharp-shinned hawk, Cooper’s 
hawk (Pig. 343), and goshawk. 

4. Birds Used as Food fob Man.— ^In addition to the game birds 
used as food, the domesticated varieties of birds and their eggs are an 
important source of food for man. These include the common chicken, 
turkeys, ducks, geese, pigeons, and guineas. 
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5. Songbirds. —iVlthough the industry is not great, many thousands 
of canaries and other songbirds are sold each year. Songbirds contribute 
indirectly to the health and enjoyment of man. 

6. Industrial Products from Birds, a. Feathers^—Flixmes of the 
ostrich have Important commercial value for millinery purposes (Fig. 
S40). Ostrich farms are successfully run, especially in California. Many 
other types of feathers are used in the millinery business. Down feathers of 
various kinds are used for making pillows and bed comforts. Eiderdown 
is especially fine. 



Fig. 537.—Some fur* widely uted In the clothing industry. (A) Chinchilla rabbit, a breed 
reared for Its beautiful fur. (B) A mole (male). Note spade-lilce forelimbs for digging. (Cour¬ 
tesy U.S. Biological Survey.) (C) Silver fox furs, ready for the market There are many fox 
farms in the United States. (Courtesy of Fromm Brothers.) 

6. Guano is present on the coast of Peru and in other parts of the world, 
having been deposited by birds, mainly cormorants. It is of commercial 
value, being sold as fertilizer. 

N. Mammals. 1. Domesticated Mammals. —Cattle, horses, asses, 
sheep, goats, pigs, cats, and dogs are the most common domesticated 
mammals. In the desert regions of the Old World, the camel (Pig. 496) is 
practically indispensable. Other members of the camel family domesti¬ 
cated in South America are the llamas and alpacas. Asia is the home of 
the tame elephant and the yak. Llamas, the yak, and the elephant are 
used as beasts of burden. 

2. Game Mammals. —Our game animals include certain species, 
such as the moose, wapiti or elk, deer, and rabbit, that are shot or cap- 
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tured for food, and bears, mountain lions, foxes, wolves, coyotes, and 
wildcats that are hunted for sport. Some of the latter are so injurious to 
livestock that a boimty is paid for their destruction in certain parts of 
the country. The food value of game animals has steadily decreased 
with the cutting down of forests and the cultivation of the land, until 
now only successful hunters are able to eat “wild” meat. 

3. Some Common Predaceous Mammais. —Among the predaceous 
mammals may be included wolves, mountain lions, coyotes, wildcats, 
and, unfortunately, house cats. These animals are all carnivorous. The 
animals they capture may be harmful, such as rats and field mice, but 



Fis. 538.—Rat, Rattus. Ratt destroy com and other valuable crops. In addition, they carry 
bubonic plague. The fleas from the sick rats are the transmitting agents. 

some of them are domesticated animals and birds. The house cat is one 
of the worst enemies of birds. 

4. Fur Bearers. —^The marten family contains the most important 
fur bearers, namely, the otter, mink, weasel, marten, wolverine, and 
badger. These species have been hunted so persistently, however, that 
they are scarce. Other mammal furs are widely used; skunk, muskrat, 
raccoon, squirrel, seal, rabbit (Fig. 5S7A)y and the mole (Fig. 5S7B) 
furnish a large proportion of the furs of commerce today. Many fur 
bearers are raised on fur farms, especially silver foxes (Fig. 537C). 

5. Injurious Gnawing Animals. —Rats, mice, and rabbits are the 
most injurious of the gnawing animals. They live on vegetation but do 
not confine themselves to weeds and valueless trees. Field crops, vege¬ 
tables, and fruit trees are also attacked, and a great deal of damage is 
done to them. Rabbits and mice gnaw away the bark of trees just above 
the surface of the ground, especially in the winter, under cover of the 
snow, thus girdling them. The trees die as a result. 

The rat is probably our worst mammalian pest (Fig. 538). It destroys 
hundreds of millions of dollars’ worth of property every year. Grain crops 
are seriouriy damaged by rats; they destroy more poultry than any other 
animal; they are a serious pest of the game preserves; they damage fruit 
and vegetables both before and after they are gathered; they appear to 
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eat anything, and the damage done by them to stored merchandise is 
enormous. They have also been known to start fires by gnawing matches. 

O. Introducing Foreign Animals.—Experience has shown that it is 
a serious thing to introduce animals that are foreign to a country unless 
its life cycle and feeding habits are known. For example, the brown rat, 
which appeared in this country about 1775, is one of our worst pests. 
Australia has been overrun by rabbits, which were introduced there about 
1864. In Jamaica, the mongoose of India, which was brought to that island 
for the purpose of killing rats and snakes, changed its habits and began to 
destroy birds and domesticated animals. Because animals from other 
countries may become pests, it is now necessary to obtain a permit from 
the government before bringing foreign species into the United States. 

Questions 

1. Discuss the economic importance of each of the four ^oups of plants. 

2. Name at least 20 plant products, giving the names of the plants from which they come. 

3. Discuss harmful plants. 

4. Discuss Protozoa (a) with regard to formation of the earth\s crust; (6) as parasites of 
animals; (c) as parasites of man. 

6. Give a full account of the life history of the malaria parasite, llow may malaria be 
prevented? 

6 . How may sponges affect the food supply of man? What types of sponges are used by 
man? 

7. Hi)w' are tlie corals important? 

8. Give a complete account of the liver fluke of the sheep. How does man become in¬ 
fected with tapeworm? How may infection be prevented? 

9. Discuss the life cycle of the hookworm. What other roundworms are parasitic in man? 

10. Which inollusks are valuable as food for man? What are some useful products obtained 
from the mollusks? What are some harmful molliisks, and what damage do they do? 

11. What is trepang? What is one of the great enemies of oyster beds? 

12. Discuss the ecr)nomic importance of crustaceans. What damage is done by some 
crustaceans ? 

13. Make a list of beneficial insects; a list of harmful insects. W*hat methods are used to 
fight the insect menace? Why is a predatory insect sometimes very useful to man? 
Explain? 

14. Make a list of game and food fish. What are some harmful fish, and what damage do 
they do? What are some valuable fish products? 

16. In what ways are reptiles useful to man ? 

16. Why are birds spoken of as “the farmer’s friend”? How do birds of prey benefit man? 
Make a list of birds used as food for man. What industrial products useful to man conie 
from birds? 

17. Make a list of the domesticated animals that you know. How are they useful? What 
are some valuable game animals? Discuss the ha/m done by some common mammals. 
Make a list of valuable fur bearers. 

18. Why is it dangerous to introduce foreign animals into new situations? 
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CHAPTER XLIX 

CONSERVATION 


. . . And wilful waste, depend upon’t 
Brings almost always woeful want. 

—Ann Taylor. 

I. Conservation of Our Natural Resources 

A. Natural Resources,—Natural resources are of two kinds: (1) 
those which may be replaced if destroyed, such as forests, soil, etc., and 
those which, once used, are gone forever, such as coal, oil, minerals, and 
natural gas. A forest that has been burned over may be replaced in 
time; our deposits of coal, however, when once used, can never be re¬ 
placed. Biologists are interested in the origin of coal from plants, in the 
formation of petroleum from the distillation of organic materials, and in 
the mineral resources that, aside from industrial uses, are necessary to 
maintain the health of living things on earth. The replaceable resources, 
however, are the most interesting to us here: the conditions that render 
the soil unproductive, the destruction of forests, the disappearance of 
wild life, and the methods by which these natural resources may be 
conserved and built up. 

B. Historical.—To the early pioneers, our natural resources appeared 
inexhaustible. They found seemingly endless virgin forests with an 
abundance of wild life in them; the streams were stocked with fish; vast 
deposits of minerals and fuel were soon discovered. It was unthinkable 
that the day would come when these resources would be exhausted. 
When land was cleared, logs were piled and burned. Men who hunted 
game for sport left thousands of dead animals on the ground. 

The first attempts at conservation in the United States were made 
in the late seventeenth century. By 1670, building material was becoming 
scarce in Massachusetts. In 1681, William Penn, of Pennsylvania, signed 
an ordinance requiring that 1 acre in 5 be left wooded when forest land 
was cleared. 

One of the first instances of conservation of a national scope was the 
result of the desire to have plenty of live-oak timber for the construction 
of battleships. In 1828, President John Quincy Adams established a naval 
station in the live-oak region of Pensacola, Fla. He set aside 30,000 acres 
of land on the island of Santa Rosa across the bay from Pensacola for 
the cultivation of live-oak trees. This project was abandoned by the next 
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administration but may be cited as an example of conservation that was 
national in scope and not local. 

The American Forestry Association was organized in 1875 and worked 
for the promotion of conservation. In 1891, Congress passed an act 
that made possible setting apart areas as national forests and national 
parks. 

All our first national parks were in the Western part of the country. 
In 1892, the Yellowstone National Park was established, and before 
President Harrison left office he had set aside 13 million acres as forest 
reserves. President Cleveland added 21 million acres to the forest-reserve 
system, and President Theodore Roosevelt increased the forest reserva¬ 
tion to more than 100 million acres. Further, during his administration, 
large areas of public land were studied as possible sources of such neces¬ 
sary materials as coal, oil, natural gas, and minerals. 

C. Waste and Conservation of Natural Resources. 1. Forests.— 
Besides their value as timber, trees and shrubs serve as food for browsing 
animals. 

а. DestriLction of the Forests, (1) Ovebcutting. —It is said that we 
cut twice as much timber as we grow. 

(2) Destruction by animals. —^Animals browse on the lower limbs 
of trees, but the real damage they do is to destroy young seedlings, grass, 
and herbs. It is the practice in some parts of the country to burn over 
forests used for grazing. The dead leaves and underbrush are burned, 
and a grass crop appears in spring. Fires of this kind may not kill trees 
but do injure them, and bacteria and Fungi begin their work; nests 
of game birds are destroyed, and the rich black mold will in time be 
destroyed. 

(3) Forest fires. —^Forest fires destroy timber it may have taken 
hundreds of years to grow, ruin the land for productive purposes, and 
destroy the homes of wild life. The destruction of the forests on water¬ 
sheds, either by fire or logging, starts erosion and all the ills that follow 
in its train. It takes from 50 to 100 years for a forest to develop; it can 
be destroyed in a few hours by a carelessly thrown lighted cigarette 
or by campers who do not put out their fires (Fig. 539^). 

б. Conservation Measures. —Conservation today includes reforesting 
by planting burned-over areas (Fig. 540), building fire lanes, and removal 
of dead timber and other trash from the forest. The Civilian Conserva¬ 
tion Corps is doing excellent work in saving the forests; forest rangers 
watch for fires from lookout posts (Fig. 539JB) and so bring small fires 
under control. In addition, some patrol work is done with airplanes. The 
U.S. Forest Service has charge of this work. 

2. Grasslands. Removing Nature^s Cover. —^The great American 
plains of the Southwest were originally covered with grass, which held 
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the soil together. The grass was ploughed under, great crops were raised, 
and the country became prosperous. Removal of the top cover, however, 
soon led to disaster, as will be seen. 

3. Destruction of Vegetation by Chemicals. —Ducktown, Tenn. 
is a highland area, which, in former times, was covered with vegetation. 
When copper mining was begun there, no precautions were taken to 
prevent the fumes from ruining the vegetation. In time, all the plants 
were killed over an area of about 50 miles. After the protective cover was 



Fig. 539.—(A) Results of a forest fire in Montana. (B) Modern steel lookout tower, used by 
forest rangers in Are prevention program. (Courtesy of U.S. Forest Service.) 


lost, erosion began (Fig. 541). Precautions are now taken and “nature’s 
cover” is slowly returning. It will be a long time, however, before the 
hillsides are again covered. 

4. Soil. —^There are two main types of soil erosion, water erosion 
and wind erosion.^ In either case, the soil is carried away. 

a. Water Erosion .—^The amount of soil lost by water erosion, as 
estimated by experts, is almost unbelievable. For example, on a 2 per 
cent slope, it is estimated that 40 tons of soil per acre were washed during 
a single rainy season. After land is denuded pf vegetation, the first part 
of the soil to go is the humus, the sponge-like water-holding layer nor¬ 
mally held in place by roots of plants. With nothing to hold the water, 
sheet erosion takes place, especially on rolling land. The field may ap¬ 
pear to be good land, but the topsoil is gone, and good crops cannot be 
produced. 






Fig* 541.-*Artifieiat dcstrl at Ducktown, Ttnn., resulting from faulty methods of extract¬ 
ing copper from ore. Vegetation was killed over an area of fifty square miles. (Courtesy of 
Tennessee Valley Authority.) 
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After sheet erosion, gully erosion begins. This leads to the formation 
of bad lands like the Ducktown area, and the land is unfit for agricultural 
uses. 

b. Wind Erosion* —^The vegetation that covered the prairies before 
the days of intensive farming and overgrazing kept it from erosion. 
After the vegetative cover of sections of the prairies had been removed, 
the great drought came. Gone were the grass roots to hold the soil in 
place, and the topsoil in some sections was literally blown away (Fig. 
542). Unless efforts of the U.S. Soil Conservation Service are successful, 
a large area of the Great Plains section (the “Dust Bowl’’) will become 
wasteland, unfit for the great crops once grown there. 



Fig. 54S.—A dust storm rolli over Wheeler, Texet. (From Field end Leboretory.) 


c. Some Effects of Erosion. Pollution of streams. —Besides ren¬ 
dering the land unfit for crops, the soil that is washed away enters the 
streams and does damage in many ways. This silU as it is called, settles 
to the bottom of streams, killing the plants and animals living there, 
particularly mussels. It shuts out the light that is indispensable to 
plants, and the organisms that feed on these plants starve to death. 
Other animals that feed on these organisms are thus cut off from their 
food supply, 

d. Prevention of Erosion. (1) Terracing. —^Terracing is a raised 
level space, usuaUy supported on one or mojue faces by a wall or a bank of 
turf. These are usually arranged one above another. 

(2) Establishment of woodlands. —Woodlands protect against 
erosion, because the forest carpet is a sponge through which the water 
filters slowly to the soil below, and this soil is anchored in place by an 
interlocking meshwork of roots that absorb much water. Trees and 
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underbrush break the force of falling water, and hence soil is less likely 
to wash away. 

(3) Permanent pastures. —^These may be established if certain 
minerals used by plants, chiefly phosphates, are added and if clover 
is added to the grass. The nodules of the clover roots will fix the 
nitrogen from the air, and so this important substance is added to the 
soil. 

e. Depletion of the Mineral Content of the Soil ,—This may come about 
in two way-s. The minerals may be washed out through erosion, or they 
may be used up by certain crops. Preventive measures are guarding 
against erosion, rotation of crops, planting of leguminous crops that have 
nitrogen-fixing nodules on their roots, and the use of proper fertilizers 
to replace lost minerals. 

5. Stream Pollution. —Attention has been called to the silt and 
its influence on life in the streams. Fish cannot exist if their food supply 
is cut off. In addition, the water of lakes and streams has been much 
polluted with sewage, industrial wastes, gasoline, and oil from filling sta¬ 
tions, etc. Various methods of treating sewage are possible and so render 
it harmless; the disposal of industrial wastes is a problem that has received 
much attention in recent years. 

6. “From Abundance to Abundance.” —The series of pictures in 
Fig. 543 tell the story of waste and rebuilding of natural resources better 
than it can be described in any other way. Rebuilding takes time and 
money, and people must be heavily taxed to reclaim land that, if properly 
cared for, would have remained fertile. 

7. Wild Flowers. —^IVIany wild flowers are decreasing in numbers 
because the places where they are able to flourish are disappearing. 
When a forest is removed, thousands of flowers and animals are destroyed. 
Another factor that must be mentioned is the ruthlessness of man. The 
more beautiful the flowers, the more likely are they to be picked, often 
merely to be thrown away. In gathering the flowers of a trailing arbutus 
(Fig. 544^), it is often pulled up by the roots, because the stem is short. 
The showy lady’s-slipper will not long survive unless it is protected 
(544/)). 

8. Wild Life. —Because of the acquirement of their grazing lands 
by man and also because of hunting, the great buffalo herds of the plains 
country have practically disappeared. A small herd, however, was placed 
•in a national park, and here they have actually increased in numbers 
(Fig. 29). 

The Alaskan fur seal was on its way to extinction when the Federal 
government took control of the herds. Hunting is prevented during the 
breeding season, and the number and type of animals to be killed is 
limited. The herds are now said to be increasing. 




FIs. 543.--Fiem abundance to abundance, the cycle of soil depletion and rebuildins. The 
pictures readins ^rom left to right show: 

Forest and grass protect nature’s abundance. Removal of timber that protects the soil. 
Removal of the sod which proteefs the soil. Clean cultivation and absence of winter crops 
encourages erosion. Erosion follows. Land become poorer and poorer and less able to resist 
emion. Flood and drought follow severe erosion. Organic and mineral plant foods ere carried 
off to clog the streams and destroy reservoirs. 
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People Olv relief. Corrective measures besun. Land terraced, gullies clothed with vegeta¬ 
tion, dams b^ilt, inland waterways created, and floods controlled. Electric power fiom con¬ 
trolled water makes possible the manufacture of phosphate plant food, key to land conserva¬ 
tion and restoration. Electric power plant. Phosphates. People taught by government agents 
how to conserve land and increase fertility. Readjusted land use. 


841 












842 


BIOLOCyi THE SCIENCE OF LIFE 



Fig. 544.-*Somc wild flowcn that are diiappearlns from our woods. (A) Trailing arbutusi 
Eplgaea reptns. (B) Triliium. (Q Jack-in*<iic-pulpit^ Arlsaema friphyllum. (D) Pink lady- 
slipper, Cypripedium. (E) Hepalica. (F) Wild ''honeysuckle,'* Azalea. [(A), (B),(D) 
Courtesy of Wild Flower Preservation Society, (E) Courtesy of Abe Furman.] 
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Other fur-bearing animals are also disappearing. Beavers^ hunted for 
their fur, are becoming scarce. It is now recognized that, in addition to 
their value as fur bearers, beavers were the first “check-dam” (Fig. 349) 
builders and that their ponds help prevent floods. 



Fi$. 545.—Game birds reared in hatcheries and placed in the woods to replace the kill of 
sportsmen. (A) Chukor partridses, Egyptian same birds now successfully reared in hatcheries. 
(B) Bob whites (Colinus virsiniana), sometimes called quail, or partridses. (Photographs by 
Kenneth Rogers.) 

Birds .—It is said that nearly million passenger pigeons were 
marketed in one town in Michigan in 1869. They were still plentiful in 
1870 but are now extinct. Other birds that have disappeared in recent 
years are the Labrador duck, in 1875, and the heath hen, in 1931. The 
latter was plentiful in colonial times, but only one was left in 1931, and 
it died on Martha’s Vineyard Island in the fall of 1931. 

Many thousands of birds were formerly destroyed for plumes, 
especially the egret. The “aigrettes” are nuptial plumes (Fig. 341) grown 
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only during the nesting season, and the birds must be killed to obtain 
them. They are now protected by law. 

Conservation measures include the establishment of bird sanctuaries. 
The egret and some other birds that were becoming quite rare are said 
to be increasing in numbers. Hunting is now regulated so that hunters 
may kill only limited numbers. In many states, quail (Fig. 545), wild 



Fig. 546.—The redwood empire of northern Celifornia. In this forest are 97 per cent of 
all the redwood trees (Sequoia sempervirens). They are the oldest and larsest livins thinss on 
earth. (Courtesy of Southern Pacific Railway Company.) 

turkeys, and other game birds are reared in preserves and then turned 
loose to replenish the woods. 

Fish are also reared in hatcheries and the young taken to streams to 
maintain a supply. 

9. National Pabks. —If the government did not set aside areas 
containing imusual natural features, these areas would soon disappear. 
It is important, for example, to protect our ‘"redwood empire’" (Fig. 546). 
The trees are very old, and their* destruction now would be little short 
of a calamity. The national-park areas are being conserved so that all 
the citizens of the country may have access to them. Thousands of 
people a vail themselves of the privilege of visiting these parks. In addition 
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to national parks and national forests, 34 states now support state 
parks. These are of particular importance as centers for recreation and 
rest. Besides all kinds of accommodations from tourist camping grounds, 
cabin camps, and hotels, hunting and fishing are provided for. 



Fig. 547.—Constrvation of wild life. (A) Wild duclci, Wichita National Forest (B) Fawns, 
'^bottle fed,** at the Pisgah National Forest (Courtesy of U.S. Forest Service.) 

10. Agencies for Conservation. —Conservation has many phases, 
and the Federal government has many agencies for the conservation of 
our natural resources. The work of the U.S. Forest Service has been 
mentioned. The U.S. Biological Survey was founded in 1885. The latter 
agency works with life histories, migrations, distribution, economic 
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value, etc., of birds, mammals, and other animals. The U.S. Bureau of 
Fisheries is concerned, among other things, with the conservation, 
propagation, and replenishing of shellfish, fish, etc. In addition to other 
Federal agencies, states have their own agencies. Wild-life conferences 
endeavor to formulate long-range plans for unification of conservation 
programs. Much has been done, but conservation work is just in its 
beginning. 

D. Summary.—Some of the things man has done to destroy natural 
resources, either directly or indirectly, are the cutting and burning over 
of forest land, thus making it unproductive; the pollution of lakes and 
streams with chemical wastes from industries and from sewage; the 
plowing of grasslands that should have been left for wild life and for 
pasturage; the overgrazing of land so that wind erosion has led to desert 
formation; the draining of marshes that harbored wild life, such as water 
birds, fur-bearing animals, etc. 

Some of the efforts at restoration are the replanting of burned-over and 
cut-over areas, thus providing for a future supply of forest products as 
well as wild-life refuges; the rearing of quail, wild turkeys, and other game 
birds, as well as deer (Fig. 547), to replenish the forests; the establish¬ 
ment of bird sanctuaries, where no hunting is allowed; the establishment 
of fish hatcheries and the restocking of lakes and streams; the placing of 
big game in the large national forests; the making of international agree¬ 
ments to protect migrating animals such as the fur seal. 

II. The Conservation of Man 

Humanity havS but three great enemies: fever, famine and war; of these by far the 

greatest, by far the most terrible, is fever. 

—Sib William Osler. 

A. Human Resources.—^America’s greatest resources are her human 
resources. Besides the social measures for improving living conditions 
and the eugenics program for the betterment of the race itself, there 
remains the necessity for conservation of human life through the preven¬ 
tion of disease. Authorities tell us that of the more than 2 million babies 
born in the United States each year, approximately $5 per 1,000 die 
during the first year of their lives. Some interesting figures have been 
compiled that show that the average cost of being born is about $£50. 
Add to this other costs for maintenance the first year, and the estimate 
of $607 is the investment to bring the child through its first year. The 
19S0 census showed £,190,000 children imder one year of age. The invest¬ 
ment of the country, then, for this group for that year was well over a 
billion dollars. It is further estimated that the cost of bringing a child 
to the age of eighteen years averages approximately $10,485, exclusive 
of the cost of education furnished by the community. 
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But money value aside, the well-being of all people is dependent 
upon pure food and water supplies, eradication and prevention of com- 
municable diseasesy prevention of infant mortalityy and related problems. 
No attempt is made here to describe all the agencies for the promotion 
of health, important though they be. From a biological standpoint, 
however, the cause and prevention of communicable diseases and related 
subjects and the effects of drugs and alcohol are problems that concern 
all students. The advance of civilization depends upon a knowledge of 
how to control disease and promote health. This involves a knowledge 
(1) of parasites, (2) of the way in which they enter the body, (3) of the 
diseases they cause, and (4) of methods of control. 

About 1)4 millions of people die in the United States each year. A 
small proportion of these deaths are due to old age; a large proportion 
could be prevented. But about ten times as many people suffer from 
various types of diseases as die from them. If the agents of these diseases 
were properly controlled, much misery could be prevented. Federal and 
state health agencies arc doing much to educate the general public with 
regard to health problems. 

B. Communicable Diseases.—^The disease in this group are of three 
principal types: (1) those that are spread largely through discharges from 
the nose and mouth; those spread largely by contamination of food 
and drink; (3) those transmitted by animals. 

1. Transmission through Discharges of the Nose and Throat.— 
Belonging to the first type are smallpox, tuberculosis, diphtheria, measles, 
scarlet fever, whooping cough, mumps, lobar pneumonia, influenza, and 
the common cold. Prevention is accomplished by isolation of the patient 
and by sterilization of all articles used by the infected person, such as 
cups, spoons, etc. The patient can help by taking care of sneezing, cough¬ 
ing, etc. 

2. Transmission by Carriers. —^People who are apparently well 
sometimes harbor organisms that cause disease. They are immune (page 
568) themselves, but they can transmit the organisms causing disease to 
others. 

The story of “typhoid Mary,” the first of its kind to be reported in 
America, has become a classic. Mary Mallon was a cook in a family for 
8 years. In 1901 she developed typhoid fever. At about the same time, a 
visitor of the family had the disease. One month later the laundress in 
this family was taken ill. Later, in a new place, seven members of the 
household were taken ill with the disease in a short time. In 1904, 1906, 
1907, Mary went to new places, and in each place, typhoid fever made 
its appearance. After 1907, she was cared for by the New York Health 
Department for a time. However, in a hospital in which she was engaged 
as a cook, an outbreak of typhoid occurred in 1915. Other cases appear 
/ 
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to have been traceable to her up to the time of her death. “Carriers” of 
this kind are not common, but they exist. 

3. Tbansmission by Animals, a. Insects. —Diseases transmitted by 
insects include malaria (page 274), yellow fever, dengue, lilariasis (page 
819), tularemia, plague, typhus, and Rocky Mountain spotted fever. 

Typhus fever results from an infection with minute microorganisms, 
Rickettsia prowazeki, transmitted by the body louse, or “cootie.” This 
problem was serious during the First World War. Rocky mountain 
spotted fever is also a Rickettsia disea.se but is transmitted by ticks. 



FIs. 548.—A laboratory in a Slate Board of Health. Federal and state asencies do a steal 
work in tafesuarding the health of the public. (Courtesy of The Atlanta Journal.) 


All insect-borne diseases can be prevented by destroying the trans¬ 
mitting insects, a well-nigh impossible problem in some cases. 

h. Diseases Transmitted by Other Animals» —^Tularemia is due to an 
infection^ with Bacterium tularense; it is a disease especially of rabbits 
and other rodents but may attack man (from rabbits). 

Bubonic plague is due to a bacterium, Pasteurella pestis^ carried from 
rat to rat and from rat to man by fleas. 

Psittacosis, a virus disease of parrots, is tr^smitted to man by diseased 
birds, some of which may be healthy carriers. 

Rabies, or hydrophobia, is a filterable virus disease due to a wound 
infection. Man usually acquires the disease as a result of the bite of a 
mad dog. Pasteur devised a treatment for preventing the development 
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of the disease after infection has taken place. If the suspected dog is 
killed and the brain examined, certain nerve cells will show Negri bodies 
if the infection is present. 

4. Contamination of Food and Drink. —Four important diseases 
are spread by contamination of food and drink: typhoid fever, cholera, 
dysentery, and hookworm disease. Much has been accomplished in 
prevention of these diseases by chlorination of water supplies to destroy 
typhoid bacilli, the pasteurization of milk, and the inoculation of vaccines. 
General sanitation and the proper disposal of sewage also play a large 
part in keeping typhoid and hookworm disease under control. 

Health and efficiency depend greatly upon the food we eat. For 
(‘xample, foods may be poisonous (certain mushrooms); may contain 
parasites (cysts of Amoebae^ roundworm eggs); may contain harmful 
bacteria (tubercle bacilli, typhoid bacilli); may contain toxins (botulism); 
may contain poisons (lead); and may be unbalanced (too few vitamins; 
too much protein, fat, or carbohydrate) (page 550). 

5. Some (^ommon Preventable Diseases. — Cholera is due to infec¬ 
tion with spiral-shaped bacilli, Spirillum ckolerae. The disease may be 
prevented, as in typhoid fever. Dysentery may be due to an amoeba, 
Endamoeha histolytica (page 814), the ciliate Balantidium coli (page 815), 
or to Bacillus dysenteriae. All three types are due to the entrance of the 
causative organisms in the mouth, principally in contaminated food and 
water. Th(\se diseases may be controlled in the same way as typhoid fever. 

Infantile paralysis is due to a filterable virus that attacks the nervous 
system of all classes of human beings indiscriminately. Neither the nature 
of the virus nor the method of transmission is known. 

Tetanus, or lockjaw, is caused by an infection of a wound with spores 
of a bacterium, Clostridium tetani. These spores occur frequently in 
manure and in cultivated garden soil; Prevention may be eflFected by 
injection of tetanus antitoxin. 

6. Social Diseases. —^The ravages of venereal diseases, both physical 
and mental, can hardly be estimated. Syphilis is the most important of 
the social diseases. Because of the brilliant work of F. Schaudinn and 
E. Hoffmann, the spiral organism causing syphilis. Treponema pallida, 
was discovered in 1905. This organism is considered by some authorities 
to be a plant, others consider it a protozoan, still others regard it as being 
in a class by itself. It may produce widely different symptoms in different 
parts of the body. For example, there may be external sores, destruction 
of motor centers, general paralysis, a type of insanity, and other effects. 

* Syphilis is not inherited, although the children of parents afflicted 
with syphilis are frequently syphilitic at birth. It is spread in various 
ways, principally by contact. Tests for the presence of the disease (the 
Wassermann reaction; the Kahn test) are known. It can be cured, espe- 
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daily in the earlier stages, by certain arsenic compounds. Paresis is 
sometimes treated by giving the patient malaria fever (page 276). 

Gonorrhea is the second most important social disease transmitted 
by contact. The causative organisms are bacteria of the gonococcus 
type. Some effects of the disease are blindness in the newborn, sterility, 
and various chronic conditions. New methods for the control of this 
disease have recently been announced. 

7. Occupational Diseases. —Workers exposed to air containing 
silica dust are particularly susceptible to a type of respiratory tuber¬ 
culosis called silwosis. This is now the most important industrial disease^ 
in this country, particularly in mining centers. Dust can be controlled, 
and so the disease may be prevented. 

Lead is the chief industrial poison. It is usually absorbed from the 
respiratory tract or the alimentary canal. To prevent lead poisoning, the 
air should be kept free from dust where lead is being worked with. Many 
chemical compounds are also responsible for industrial poisoning. 

Pulmonary tuberculosis is more prevalent among industrial workers 
than it is among professional men. Anthrax^ which is an infection with 
Bacillus arithracis, is acquired from spores on the hides of infected animals. 

8. Deficiency Diseases. —These have been mentioned in other 
sections of the book and are due principally to lack of certain vitamins 
(page 527). They are scurvy^ ricketsy pellagrOy heriheriy and goiter. Proper 
foods for prevention of these diseases are listed on page 873, 

9. Some Eye Defects.^ —One-eighth of all blindness is due to glau¬ 
coma, This condition occurs in later life and is due to injury to the optic 
nerve resulting from pressure within the eyeball. The cause is not known, 
and prevention is impossible, but early treatment will check the progress 
of the disease. 

Trachoma is a virus disease that thrives where sanitary conditions 
are poor. It is infectious, and preventive measures involve protection 
from infected persons and improvement in sanitary conditions. 

Cross-eyCy or squint (page 639), is due to defects of the eye muscles. 
Some cases are corrected by proper glasses; other cases require surgery. 

Cataract (page 640) is a condition in which the crystalline lens becomes 
opaque. The cause in many cases is unknown, and hence prevention is 
impossible. 

C. Infant and Maternal Mortality.—Infant mortality is the most 
sensitive index we possess of social welfare. Healthy parents are likely to 
produce healthy children. The percentage of deaths among infants has 
been on the decrease for many years. In the United States, in 1900, 1 out 
of 10 infants under one year of age died; in 1922, 1 out of 13 and, in 1932, 

1 out of 17 died. Human infants are born in a more helpless condition than 
the yotmg of most mammals and must be cared for. A certain amount of 

^ For nearsighty fareigkiy and astigmaiismy see page 089. . 
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infant mortality cannot be prevented—for example, that due to birth 
before the seventh month; but some of it can be prevented. Proper feeding 
and care and protection against contagious diseases such as measles, 
whooping cough, diphtheria, etc., are effective. 

Maternal mortality due to childbed fever may be prevented by 
elimination of the infective bacteria that are mainly of the streptococcus 
type. 

D. Relations of Water Supply, Air, and Soil to Public Health.— 

It is not necessary to emphasize here the desirability of having a good 
water supply, since every household and community knows how impor¬ 
tant this is. Water may be clean, polluted, or contaminated. Polluted 
water contains substances that produce color, odor, or taste. Pollution 
of drinking water by certain Protozoa has been referred to several times. 
Streams that flow into reservoirs may bring with them wastes from 
manufacturing establishments that render the water unfit for human 
consumption. 

Contaminated water contains infective organisms. These reach the 
water usually as a result of unsanitary conditions. The principal diseases 
contracted by drinking contaminated water are typhoid fever, cholera, 
and dysentery. Suspected water is tested for colon bacilli, since the 
presence of these organisms proves contamination of the water with 
human wastes. 

Water may be purified in several ways: aeration, or exposing water to 
air, removes tastes and odors; sedimentation removQS suspended particles; 
filtration through sand removes bacteria, Protozoa, tastes, odors, and 
harmful minerals; chlorination kills bacteria. The last is one of the 
most widely used methods of purification, but even this does not kill 
cysts of the dysentery Endamoeba and some types of spores. 

An abundant supply of fresh air is now generally recognized as 
necessary for good health (page 581). Air at high temperatures may 
lead to exhaustion and is responsible for the death of many infants. Air 
that is excessively humid is depressing, whereas dry air is stimulating. 
Moving air is more comfortable than stagnant air. Smoke in the air is 
irritating to the eyes and mucous membranes and may lead to respiratory 
diseases. Dust may be irritating and may contain infective bacteria. 
Pollen grains in the air are responsible for hay fever in susceptible per¬ 
sons. Certain gases in the air, especially carbon monoxide, cause death; 
illuminating gas escaping in the house is responsible for much discomfort 
and causes many deaths each year. 

Soil Pollution. —Although the upper few inches of soil, especially 
soil containing organic material, is swarming with bacteria and Protozoa, 
most of them are harmless. Soil may become polluted, however, with 
infective organisms, especially where sanitary conditions are bad. Hook¬ 
worm disease (page 323), infections with the roundworm Ascaris lum^ 
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hricoides (page 819) are commonly acquired from polluted soil. Tetanus 
(page 849) and anthrax bacilli may live in the soil in the spore stage. 
The typhoid bacilli and cysts of dysentery amoebae may remain alive 
in the damp soil for days, weeks, or months and may fiiul their way into 
drinking water or food. Prevention of soil pollution will eliminate many 
dangers of infection from many diseases. 

E. Mental Diseases. —Among mental diseases are classed not only 
insanity but a great number of other abnormal conditions due to mental 
difficulties. Some of these are larceny, lying, misconduct of various types, 
truancy, maladjustment to environment, hallucinations, inferiority 
complex, insomnia, etc. The causes of most types of mental diseases are 
unknown. Certain conditions are inherited and cannot be cur(‘d, but many 
others, such as some types of feeble-minded ness, can be treated success¬ 
fully and the patients returned to society in a normal state. 

F. Habit-forming Drugs. —Drugs are special preparations made from 
plants, animals, and inorganic sources. Some are very useful, even 
indispensable, in the practice of medicine. Some of these useful drugs 
may be habit-forming, as shown by the fact that in the United States 
it is said that there are about 150,000 persons who are slaves to morphine. 
Large numbers are addicted to other drugs. Morphine, cocaine, and 
alcohol were in use long before the era of modern civilization. 

Some drugs are poisons, as certain salts of mercury; others, such as 
ether and chloroform, have an anesthetic (Gr. anaisthetosy insensible) 
action and, when breathed into the lungs, cause temporary loss of 
consciousness. Too much inhaled causes death. A third type is narcotic 
(Gr. narkoun, to benumb), causing dullness and stupor, and is often used 
to relieve pain. Some drugs, however, give a pleasurable feeling and 
lead to habit formation. The commonest narcotics are opium, cocaine, 
nicotine, laudanum. Opium is made from the dried juice of the opium 
poppy (JPapaver somniferum, Fig. 257). Marijuana is a narcotic obtained 
from a weed belonging to the Indian-hemp family. While under its 
influence, people may commit acts that they do not remember after¬ 
wards. Drug addicts must take larger and larger doses of the drugs to 
obtain the desired effect. The nervous system is particularly affected; 
the general health is ruined; sometimes mental disorders result. 

G. Alcohol. —^The formation of alcohol was discussed on page 193. 
Wine, cider, and beer are alcoholic drinks. Wine comes mainly from 
fermented grapes and certain other fruit juices; cider results from fer¬ 
mentation of apple juice; beer is made from fermented grain. Distilled 
liquors contain a larger percentage of alcohol. 

1. Kinds of Alcohol. —Alcohol made from grain is called grainy 
or ethyl, alcohol; that from distilled wood is wood, or methyl, alcohol. The 
latter is poisonous and imfit for internal use or in medicines. It is useful, 
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however, in manufacturing processes. All alcohol is of great value as a 
solvent and is used in the manufacture of paints, varnishes, and many 
other industrial products. Alcohol is said to be denatured when something 
is added to it that renders it unfit for internal use. 

Effect on the Body. —^Alcohol is absorbed into the blood un¬ 
changed but is oxidized in the body as other foods are. It is, however, 
believed to be injurious to the various organs and is, therefore, not 
classed as a food. On account of its solvent action, it may cause injury to 
fat-like materials such as the substance in the nerve sheaths {lipoid). 
It has been found that substances such as chloroform and ether, used 
ill modern surgery to produce unconsciousness, are substances that 
dissolve lipoids; they also act as poisons. 

For a long time, the test of the effects of alcohol was the loss of one’s 
self-control. It has been found, as a result of careful studies, that persons 
who drink liquids containing per cent or more of alcohol are not able 
to make precise measurements or perform skilled acts with the same 
degree of accuracy as those w^ho do not. Individuals differ in this respect,^ 
some being more affected than others. Heavy drinkers are not considered 
good insurance risks, and an appalling number of automobile accidents 
are the result of the fact that drivers either were intoxicated or had lost 
some of their skill as a result of a drink or two. 

It has be(‘n observed that the first effect of alcohol is on the higher cen¬ 
ters of the brain. “The brake is off,” so to speak, and persons w^ho have 
been drinking behave in a manner that they would condemn when sober. 

Statistics show that alcohol reduces the resistance of the body to 
disease. What happens is that, after taking alcohol, more blood reaches 
the surffice of the skin, and a pleasurable feeling of warmth may ensue. 
There is danger that too much heat may be lost if a person stimulated 
in this way is exposed to cold. Also, the feeling of stimulation may be 
followed by a depressing reaction. 

Many “patent” medicines contain a considerable amount of alcohol. 
Under the Food and Drugs Act of 1907, the presence and amount of 
alcohol in any medicine must be printed on the label. 

H. Tobacco and Health.—According to a famous story, when Sir 
Walter Raleigh returned to England from America, he had learned to 
smoke. One day a servant entering a room saw the smoke and threw a 
bucket of water over him to “put out the fire.” Even before this, Colum¬ 
bus had observed a peculiar habit of the Indians, who took hollow sticks 
in the shape of a Y and placed the horns of the Y in the nose and the 
stem in the smoke of burning tobacco. They then inhaled the smoke 
directly into the nostrils. The poison in tobacco is known as nicotine. 
It gets its name from Nicot, who, in 1561, was the French ambassador 
to Lisbon. Nicot became an early user of tobacco. 
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Billions of dollars are spent in the United States each year for tobacco. 
Aside from its effect on the population, millions of dollars of property 
“go up in smoke” each year from the careless habits of smokers. 

A wide difference of opinion exists with respect to the harmfulness 
of smoking. As in the case of alcohol, not all persons are affected alike. 
Two types of trouble may result from excess smoking or from moderate 
smoking if a person has a low tolerance to the effects of smoking. These 
are (1) an impaired sense of color vision and (£) the inflammation of the 
optic nerve. Many experiments have been conducted that seem to show 
that the heartbeat is also affected by the use of tobacco. For this reason, 
persons in training for athletic events do not smoke. 

Tobacco is especially harmful to young persons, particularly when 
it is inhaled into the lungs. The mucous membrane of the nose and lungs 
absorbs small quantities of the poisons produced when the tobacco is 
burned. Curiously enough, nicotine has recently been found to be of use 
in the treatment of pellagra. 

Questions 

1. Distinguish between the types of natural resources. 

2. Besides those mentioned in the text, suggest methods for preventing forest fires. 

3. How does nature protect the soil? Do you know of a man-made desert? 

4. Give an account of water erosion; of wind erosion. What is meant by sheet erosion? 
Gully erosion? How did the “Dust Bowl“ come into existence? 

6. How may forests be preserved indefinitely and yet be valuable to the owner? 

6. What is a permanent pasture? Does it necessarily deteriorate? 

7. Why must big game necessarily disappear from most “settled” country? Make sug¬ 
gestions for its preservation. 

8. In what W’ays are national forests valuable to all the people? 

9. Can you suggest methods of preserving wild flowers that are becoming rare? 

10. Give an account of the way in which erosion and industrial w^astes affect the life of 
plants and animals that live in streams. 

11. Make a list of preventable diseases, stating how each one is transmitted. 

12. In your opinion, should mental defectives be allowed to have offspring? (iive reasons 
for your answer. 

18. What are some effects of alcohol on the health, particularly of young people? Of 
tobacco? 

14. Why is a well-planned conservation program necessary? Should this affect only the 
replaceable resources? What other resources must be conserved? 

16. Why do we speak of man as our greatest resource? Do you think a public-health 
program the best type of conservation? Give reasons for your answer. 
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CHAPTER L 

THE DEVELOPMENT OF BIOLOGY 


The history of science is science itself. . . . 

—Goethe. 

I. introduction 

The history of the development of the science of biology is the history 
of the men who have worked in this field, leaving a record of their patient 
research and discoveries. There is evidence that man possessed some 
biological knowledge even before writtcm history. This is shown in 
pictures, carvings, and relics of primitive man. 

Each of the periods into which the history of biology may be roughly 
divided is dominated by certain concepts. Thc‘se have been referred to 
from time to time in this book. Some of these concepts were strengthened 
by later research; oiliers have been proved false and have disappeared. 
An example of the latter was the theory of abiogenesis, or spontaneous 
generation (page 10). 

In one short chapter, it is possible to select only a few^ men concerned 
with the high lights of the subject. Often the brilliant accomplishments 
of these men were built upon obscure work of many workers. 

II. From Ancient Times to 400 B.C. 

Primitive man must have had a body of biological knois^edge that 
was handed down from generation to generation. Plants and animals 
useful for food were known to him, as well as some that were to be avoided. 

Beginning with the ancient civilizations, an Assyrian bas-relief shows 
that hand-pollination of the date palm was practiced at least nine cen¬ 
turies before Christ, and there are records that this palm was cultivated 
in 6000 B.C. These ancients must have known that there were two kinds 
of date-palm trees and that both were necessary for the production of 
fruit, though nothing was known of the mechanism of sex at that time. 

Sculptures and drawings also show that ancient Egyptians and 
Assyrians reared horses and cattle. It is to be presumed that they knew 
something about selection, for ‘‘an engraving on bone in an excavation 
in Mesopotamia, dating from about 2800 b. c. is interpreted by Amschler 
(1935) as a pedigree chart of horses of several different types.”^ 

^ Shull, “Heredity,” p. 4, McGraw-Hill Book Company, Inc., 1938, 
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‘The Chinese were cultivating rice as early as 5,000 years ago, and 
barley grains have been found in the tombs of mummies who lived about 
4000 B.c. 

In ancient Babylon, clay models of various parts of the human 
body and ancient Babylonian writing show that some progress had been 
made in medicine. The practice of embalming the dead in ancient Egypt 
reveals that they had a knowledge of human anatomy. 

From all these facts, it is clear that the existence of a considerable 
body of biological knowledge was possessed by the ancient peoples. 

III. The Greek and Roman Period 

A. The Early Greeks.—The earliest zoological writings of importance 
were produced by the Greeks. These early writers were philosophers 
who developed the deductive method of reasoning. They refer to th(‘ 
beliefs of “the ancients.” From this it may be assumed tlnat there was a 
body of philosophical and biological knowledge handed down to them. 
Five of the more important men may be mentioned in connection wdth 
the early period of scientific development of the Greeks. 

Thales (640-546 b.c.) was an astronomer who believed that all life 
originated in the ocean; the belief is not dead even today. 

Anaximander (611-547 b.c.) believed in spontaneous generation and 
in the theory that animals developed in the sea, becoming transformed 
into terrestrial animals. 

Empedocles (495-435 b.c.) also believed in spontaneous generation. 
He held to the curious belief that parts of organisms were kept separated 
by hate and were later brought together by love! 

Hippocrates (460-370 b.c.) has been called the father of medicine. 
Many of the Hippocratic treatises dealing with anatomy, physiology, 
etc., are believed to be of a later date, though they are influenced by his 
views. 

Democritus (460-357 b.c.) Finally, the close of the period of Greek 
development may be represented by Democritus. He had a materialistic 
idea of the universe. For him, even the soul perished with the body. Some 
of his teachings concerned the adaptations of single organs; he believed 
that the brain is an organ of thought and that types of animals might be 
distinguished by the quality of the blood. 

B. Later Greeks and the Romans.-^The figure that stands out far 
above all others of his time in Greek philosophy (Fig. 38) was Aristotle 
(384-322 B.C.). His were the first scientific treatises that had an in¬ 
fluence upon modem biological thought, and so careful were his observa¬ 
tions and deductions that they were considered authoritative for 20 
centuries. Aristotle was the foremost pupil of Plato and the tutor of 
Alexander the Great, His works reveal a remarkable familiarity with the 
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facts of comparative anatomy, physiology, and embryology. He was a 
critical compiler and, from the fabric of scattered facts and fancies that 
existed at his time, produced a compact and fairly accurate account of 
animals. 

Aristotle did not believe in special creation, but he did believe in an 
“internal perfecting tendency,’* or intelligent design. He was interested 
mainly in animals, but his pupil Theophrastus (370-287 b.c.) first 
studied plants scientifically. He is often spoken of as the founder of the 
science of botany. 

After the time of Aristotle and Theophrastus, scientific learning 
declined for a time. This branch of learning was not fostered by the 
Romans until later. 

Pliny the Elder (a.d. 23-79) was a Roman general and a writer. He 
compiled 37 volumes of natural history. These books were a curious 
mixture of fact and fancy and remained for 15 centuries as a source of 
information regarding natural history. 

Discoridcs (a.d. ?-40), a Greek physician, wrote a pharmacological 
account of plants that was very celebrated. 

Galen (a.d. 139-200} was a Greek who lived in Rome. He was a 
physician, the last of the great biologists of ancient times. Dissection of 
human bodies was forbidden in Galen’s time, and so animals had to be 
used in his studies. His books on anatomy were the standard for use in 
medical schools for about fifteen centuries. 

iV. The Middle Ages 

'rhe Middle Ages, or medieval times, are usually designated as the 
time between the fall of the Roman Empire (a.d. 400) to the revival of 
learning about a.d. 1400. 

A. The Dark Ages.—The early part of the Middle Ages is usually 
designated as the Dark Ages. After the time of Galen, all fields of learning 
suffered an eclipse. The period produced no great biologists. The church 
controlled learning; the appeal was to authority. All biological questions 
were referred to the ancient authorities; original investigation was at a 
standstill. In one controversy, a series of papers was published with 
respect to the number of teeth in a horse’s mouth. In this instance, not 
one of the writers seems to have thought of examining an animal, but 
all were satisfied to quote the words of men vrho had died centuries 
before. 

B. The Renaissance. —Beginning about a.d. 1350 and continuing 
through the sixteenth century, there was a great revival of art and learn¬ 
ing. This revival, known as the Renaissance^ was due largely to the 
abandonment of ancient authorities and to a renewal of the method 
employed by Aristotle, i.e., personal observation. 
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Among the works published in Germany during this period were the 
“Herbals/* which contained descriptions of the plants of western Europe. 
Also huge volumes containing all the information obtainable about 
animals, regardless of whether it was truth or fiction, were published at 
this time by the so-called encyclopedists. 

The Renaissance is described as a period of great restlessness. During 
this time, there was an increasing knowledge of nature itself. This was 
brought about in part by the discovery and exploration of new countries 
through the Crusades and the travels of such men as Marco Polo; during 
the fifteenth century, the Portuguese made long voyages; America was 
discovered in 1492. It was not now possible to deal with the great amount 
of new information that was accumulating about plants and animals 
by studying ancient authorities. 

One of the most important men of the late Renaissance was Francis 
Bacon (1561-1626). His greatness rests, not upon scientific achievement 
as such, but upon the fact that he believed in acquiring knowledge of 
nature by observation and experiment. His aim was to reform all human 
knowledge. 

V. The Development of Biology since the Fifteenth Century 

Since there is much overlapping of the work of men of the late Renais¬ 
sance time of transition to the modern period, it will be convenient to 
consider the development of the various fields of biology about the 
fifteenth century. 

A. Comparative Anatomy.—This subject is mentioned first among the 
biological subjects because of the leadership of Vesalius (Fig. 549) in 
the revival of teaching from first-hand observation. It was due to him 
that the teaching methods of Galen were discontinued after so many 
centuries. 

Leonardo da Vinci (1452-1519) was a famous Italian artist, a mech¬ 
anician, and a pioneer in the study of comparative anatomy. 

Andreas Vesaliits (1514-1564) was a Belgian anatomist (Fig. 549). 
Some of his ideas now seem strange, but his contribution was to return to 
first-hand observation by the dissection of the human body and the over¬ 
throw of authority. His book, “The Structure of the Human Body,” was 
written by the time he was twenty-eight years of age. 

Georges Cuvier (1769-1832), was a Frefich scientist (Fig. 550) whose 
studies ranged over the entire animal kingdom. Besides a number of 
treatises on comparative anatomy, he wrote a book on the fossil remains 
of animals, which founded the science of vertebrate paleontology. 

Richard Owen (1804-1892), an English anatomist, was also a paleon¬ 
tologist. He contributed much to our knowledge of the structure of 
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Fig, 549.—Andreas Vtsalius, 1514-1564. 



Fig. 550.—Georges Cuvier, 1769-183S. (From Locy, Biology and Its Makers, Henry Holt 

and Company, Inc.) 
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various types of animals. Of particular importance was the clear dis¬ 
tinction he made between homologous and analogous organs. 

B. Microscopic Anatomy. —In the early days of the development of 
the microscope, many amateurs became interested in the minute struc¬ 
tures of living things. Following these were the microscopic anatomists, 
who made real contributions to the structures of plants and animals. 

Robert Hooke (1635-1703), an Englishman, published in 1665 a 
description of the cell in his book “Micrographia’" (page 30). 



FI 9 . 551.—Marcello Malpighi, 1628-1694. (From Garrison, History of Medicine, W. B. 

Saunders Company.) 


Ardon van Leeuwenhoek (1632-1723) was a Dutchman who ground 
his own lenses and constructed over 200 microscopes (Fig. 15). With 
these he made many discoveries—of bacteria. Protozoa, and many other 
organisms not seen before by man. Although another Dutchman, Hamm^ 
first observed animal sperm, Leeuwenhoek studied the spermatozoa of 
many animals. He described blood corpuscles first in the frog, later in 
man. 

Jan Swammerdam (1637-1680), another Dutchman, made a careful 
study of the minute anatomy of insects, snails, and clams. 

Marcello Maljnghi (1628-1694), an Italian (Fig. 551), was a con¬ 
temporary of Hooke, Leeuwenhoek, and Swammerdam. Probably his 
greatest discovery was demonstration of capillary circulation in the 
lungs. His figures on the minute anatomy of the silkworm are often 
reproduced. 
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Nehemiah Grew (1641-1712), an Englishman, was a pioneer in the 
study of microscopic plant tissues and one of the first plant histologists. 

C. Embryology. —Aristotle made observations on the development 
of the chick; these were extended by Harvey. The development of the 
subject of embryology, however, had to wait upon two things, the 
perfecting of the microscope and the development of physiology and 
anatomy. 

It was inevitable that many theories should arise, some of which 
seem fantastic in the light of modern embryology (page 671). 

Hieronymus Fabrizio (1537-1619), an Italian, began the establish¬ 
ment of the science of embryology by describing, as best he could without 
a microscope, the development of the chick. 

Caspar Frederick Wolff (1733-1794) was a German naturalist and 
physician. Some of the details of his comparisons are erroneous, but he 
was the first to compare plant and animal development. Although the 
theory of epigenesis was not new with Wolff, one of the most important 
of his contributions was to introduce this theory in the place of the 
preformation theory. 

Karl Ernst von Baer (1792-1876), a Russian, is often called the father 
of embryology. He published notable papers on th^ development of the 
chick in 1832. 

D. Systematic Biology. —It was natural that biologists should con¬ 
cern themselves with relationships of plants and animals from very early 
times. Work in this field was especially important during the Middle 
Ages, as old systems were changed and the basis for the new systems that 
we have today was established. 

John Ray (1628-1705), an Englishman, used structure as a basis 
for classification of all living things. He w^as greatly in advance of his 
time. 

Carolus Linnaeus (1707-1778), a Swedish scientist, (Fig. 39), was 
the most important figure of his time. “Systematic Biology” was his 
great work, and he attempted to describe all the existing species of 
plants and animals. He succeeded in listing 4,378 in the tenth edition 
of his greatest work, “Systema naturae.” Perhaps his greatest contribu¬ 
tion was the binomial system of nomenclature (page 69). 

Asa Gray (1810-1888), an American, was a writer on systematic 
botany and American flora. In addition, he was a champion of Darwinism. 

E. Natural History. —A large proportion of men included in other 
fields were also naturalists. The two names that follow represent a 
very large group. 

Konrad von Gesner (1516-1565) was a Swiss. His complete work on 
plants was never published, but two large volumes containing 1,000 
drawings appeared in 1751-1772. His **Historia animalia” in five volumes 
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is a compendium of all the knowledge of the sixteenth century regarding 
animals. 

Louis Agassiz (1807-1873) was an American biologist, born in Switzer¬ 
land, of French parents. His chief work was with fish, both recent and 
fossil. 

F. Experimental Biology and Physiology.—^The foundation for mod¬ 
ern physiology was laid by the discovery of the human circulation of the 
blood by William Harvey, in 1628, and by the brilliant work of Johannes 
Muller, something more than 200 years later. 

William Harvey (1578-1657) was an Englishman (Fig. 377). His book 
Exercitatio anatomica de motu cordis et sanguinis in animalibus” 
(“An Anatomical Dissertation on the Movement of the Heart and Blood in 
Animals”) was published in 1628. He proved by simple experiments that 
the blood flowed away from the heart in the arteries and to the heart in 
the veins. Perhaps the greatest contribution made by Harvey was that 
after his time biology became more and more an experimental science. 

Francesco Redi (1626-1698), an Italian naturalist, performed a 
simple experiment (page 11) that proved that new organisms did not 
arise by spontaneous generation from nonliving substances. 

Stephen Hales (1667-1761), an Englishman, was an early student of 
plant physiology. He determined by means of experiments the role 
that leaves play in the movements of fluids in plants. 

Albrecht von Haller (1708-1777), of Switzerland, was a many-sided 
man, a poet, a botanist, and a physiologist. He summarized in easily 
accessible form all the known physiological facts of his time. 

Jan Ingenhousz (1730-1799), of Holland, discovered a part of the 
process (photosynthesis) that occurs in green plants in the manufacture 
of food. 

Lazaro Spallanzani (1729-1799), an Italian, used experimental 
methods in studies of regeneration, processes of fertilization, and other 
types of work. 

Robert Brown (1773-1858), a Scotch physician, is credited with 
opening the field of plant physiology and genetics. He also discovered 
the importance of the cell nucleus in the cell in 1832. 

Johannes Muller (1801-1858), a German, was the first great com¬ 
parative physiologist. He published his “Handbuch der Physiologic des 
Menschens” (“The Handbook of Human Physiology”) in 1833. He was 
the first to bring the facts of chemistry and physics to bear on physiology. 

Julius Sachs (1832-1897), a German, made important contributions 
to experimental plant physiology. He had many brilliant pupils, among 
them the famous plant physiologist, William Pfeffer (1845-1920). 

G. Microbiology.—Research in pure science is always important in 
the development of applied science. Sometimes men working in the meth- 
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ods of pure science are able to do work of great benefit to mankind. Three 
men may be mentioned here: 

Louis Pasteur (1822-1896), a Frenchman (Fig. 4), was a chemist but 
was better known for his work in biology and preventive medicine. By 
proving that microorganisms (yeasts and bacteria) cause fermentation, 
he was able to suggest a method of preventing this process by heating 
substances high enough to kill these germs (pasteurization). He saved 
the silkworm industry of France (page 813), developed a method of 
treatment of hydrophobia (page 848), and, by conclusive experiments 
disproved the theory of spontaneous generation, belief in which had per¬ 
sisted for so long (page 11). 

Robert Koch (1843-1906), a German, was the first to use aniline dyes 
in his studies with bacteria. He discovered the bacillus of tuberculosis 
and the microorganism of cholera. 

Fritz Schaudinn (1871-1906), also a German, was a brilliant micro¬ 
biologist. He did much work in the field of pure science, but his chief 
contributions were in working out the life history of the malaria parasite 
Plasmodium and other pathogenic Protozoa. With E. Hoffmann he dis¬ 
covered the causative agent of syphilis, the spirochete Treponema pallida 
(page 849). 

H. Evolution.—As shown by work of the ancient Greeks, there was 
an idea, even in that far-off day, that species change or evolve. In the 
Middle Ages, the majority of biologists believed in the fixity of species 
and special creation (page 780). However, during this time, as the brief 
sketches of the prominent men of the time will show, there were ingenious 
explanations as to the causes of descent with change. 

Comte Georges Louis Leclerc Buffon (1707-1788) expressed the ideas 
of many of his time regarding the origin or many different kinds of 
plants and animals. He realized the “struggle for existence’’—that 
geographical isolation and natural selection are factors in evolution— 
and believed that changes due to action of the environment are inherited. 

Erasmus Darwin (1731-1802) was an English country physician, 
the grandfather of Charles Darwin. His best known published work is 
his book “Zoonomia.” In addition to descriptions of anatomy and colora¬ 
tion of animals in this book, he expresses views on evolution, one of these 
being his belief in the inheritance of acquired characters. 

Jean Baptiste Lamarck (1744-1829), a Frenchman (Fig. 552), was 
the most famous advocate of the theory that acquired characters are 
inherited. His theory of organic evolution was the most complete up to 
that time. 

Sir Charles Lyell (1797-1875), of England, a geologist, is included 
here because of the influence upon Charles Darwin of his ideas of evolu¬ 
tion in geology. 



Fis. 553.—<h«riei D«rwlfi, 18d9-*1882. (From Locy^ Biology and Its Maken, Henry Holt 

and Company, Inc.) 
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Charles Darmn (1809-188^).—Most authorities agree that the 
publication in 1859 of “The Origin of Species by Means of Natural Selec¬ 
tion,” by Charles Darwin (Fig. 553) had a profound effect upon the 
thinking of that time. Darwin’s ideas of natural selection and organic 
evolution (page 797) were not original with him but were the outgrowth 
of the ideas of his grandfather, Erasmus Darwin, and other men. However, 
for over 20 years he assembled with painstaking care the evidence for 
these theories, which he had collected on his travels. 



Fig. 554.—^Thomas Henry Huxley, 1825-1895. 

Alfred Russel Wallace (1822-1913), also an Englishman, wrote a 
paper setting forth practically the same views as Darwin on organic 
evolution (page 797), 

Thomas Henry Hurley (1825-1895), an Englishman, was not only 
a great zoologist but also a master in writing English prose. Darwin was 
of a retiring disposition, and it was Huxley who was largely responsible 
for placing Darwin’s theories before the public (Fig. 554). 

!• Cytology and Genetics. —The fields of cytology and genetics are, of 
necessity, very closely related. The tremendous advance of the subject of 
genetics is due to the exact observations now possible to cytologists using 
greatly improved microscopes and delicate techniques. Although chromo¬ 
somes had been observed as early as 1880, their behavior and their impor¬ 
tance as the bearers of hereditary characters were not established until 
much later. 

Matthias Jacob Schleiden (1804-1881) (Fig. 16) and Theodor Schwann 
(1810-1882), both Germans, formulated the cell theory in the publica¬ 
tions of the results of their work during 1838-1839 (page 31). 
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Max Schultze (1825-1874), a German, established through extended 
research that protoplasm is the fundamental substance of both plants and 
animals. 

Gregor Johann Mendel (1822-1884) was the son of German parents, 
born in what was at that time Austria (Fig. 466). He applied statistical 
methods to his work with peas and showed that characters did not blend 
in the germ cells of the hybrids but reappeared in definite proportions 
in a later generation (page 717). 

August Weismann (1834-1914), also a German, stressed the funda¬ 
mental difference between germ cells and somatic or body cells (page 798). 



Fi9. 555.—Edmund B. Wilson, 1856-1939. 


Sir Frances Galton (1822-1911) was an Englishman who applied 
mathematical methods to the studies of human heredity (page 750). 

Hugo De Vries (1848-1935), a Dutch botanist, was one of the three 
men who independently rediscovered the Mendelian law about 1900. 
He is famous for his work in plant breeding and genetics and for the 
formulation of die Mutationstheorie (page 740). 

Edmund B, Wilson (1856-1939) was the foremost American cytologist 
of his time (Fig. 555). He began his work as an experimental biologist; 
his most important work had to do with cellular biology, particularly 
with chromosomes and their relation to heredity. 

Thomas H, Morgan (1866-1945) is an American zoologist who 
recently received the Nobel prize for his work in heredity. With his 
associates, he has made an exhaustive study of heritable phenomena. 
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using the fruit fly Drosophila melanogaMer as an experimental medium. 
He has added much to our knowledge of the mechanism of heredity. 
Before beginning his work in genetics, Morgan was an experimental 
embryologist of note. 

VI. Biology Today 

Biology today is an experimental science. That is to say that biologists 
are most concerned with trying to find by experimental methods the 
fundamental causes of biological phenomena. It was necessary that the 
natural world should first be described, classified, and correlated, as 
interpretation of natural phenomena is possible only with the information 
at hand. 

Biology is progressing more rapidly at this time than at any other 
period in the world’s history. In the United States, various institutions, 
such as the Rockefeller Institution for Medical Research, of New York 
City and Princeton, N.J., and professors of biology elsewhere are 
encouraged to carry on investigations that every year are adding to our 
knowledge of plants and animals. 

Widely scattered over the United States are biological laboratories 
where scientists congregate in the summer to do research and exchange 
information and ideas. The greatest of these is the Marine Biological 
Laboratory, at Woods Hole, Mass. Among others are Mount Desert 
Island Laboratory, at Salsbury Cove, Me., biological laboratories of 
Cold Spring Harbor, L.I., Douglas Lake, Mich., La Jolla, Calif., and 
Mountain Lake, Va. 

The United States government also encourages research in biology, 
particularly in those subjects that have a direct bearing on the improve¬ 
ments of plants and animals of interest to agriculture and animal industry. 
Bureaus of biological survey, plant industry, animal industry, and 
entomology are particularly important. 

Biological progress is international in character, as the foregoing 
brief account shows. No attempt is made to evaluate the enormous 
amount of biological research now in progress in America, as well as in 
the rest of the world. Indeed, history in all fields of biology is developing 
so rapidly that even a specialist has diflSculty in keeping up with all 
the work in his own field. Much of this work relates to the future well¬ 
being of humanity; all of it is concerned with a better understanding 
of living things. Biology is a great study; it is the study of life itself. 

Ouetlions 

1. What evidence is there that there was a considerable body of biological information 

before the time of Aristotle? 

2. What were some of the ideas held by biologists before the time of Aristotle? 

3. Discuss the work of Aristotle. 
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4. Why is Galen an important figure of his time? 

6 . Give a reason for the decline of science during the Dark Ages. 

6. What advantage had Vesalius over his predecessors in the study of the human body? 

7* Why is Cuvier’s work important? 

8 . What advances in biology had to await the development of the microscope? 

9. What important contributions w’cre made by Hooke? Leeuwenhoek? Swammerdam? 
Malpighi? 

10. What men are associated with the development of embryology, and what were their 
chief contributions? 

11. Who gave us the binomial system of nomenclature? What effect has this system had 
on the study of biology? 

12. Beginning with William Harvey, give a brief account of the men associated with the 
development of physiology and their work. 

18. What is meant by applied biology? Why would the French people consider Pasteur 
their greatest man ? What important w'ork was done by Koch ? Schaudinn ? 

14. What views on the theory of evolution were held by Aristotle? Buffon? Erasmus? 
Darwin? Lamarck? Charles Darwin? What was Huxley’s contribution to the study 
of evolution? 

15. Why are cytology and genetics so closely related? Why was the formulation of the cell 
theory so important? Why was Max Schultze’s work important? 

16. Give an account of Mendel and his work. 

17. Evaluate the work of Weismann, Galton, De Vries, E. B. Wilson, and T. H. Morgan 
in the development of the study of genetics. 
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APPENDIX 

The following table is a synopsis of communities adopted by a committee of the Ecolog¬ 
ical Society of America.^ 

I. Land Communities. 

(c) Forests with broad thin leaves. 

1. Continuously moist and evergreen. 

(a) Uniformly warm, affording habitats in six or more strata. (Tropical 
rain forests.) 

2. Intermittently dry or cold, and deciduous. 

(a) Warm with distinct dry season. (Tropical deciduous forest.) 

(b) With cold winter, little winter shelter. (Temperate deciduous forest.) 
(6) Communities of evergreen forests of narrow, thick leaves. 

1. Moist conifer forest with little undergrowth. 

2. Rainy conifer forest with shrub undergrowth. 

3. Open, arid, conifer forest. 

(c) Communities of savanna and grassland. 

1. Tropical savanna (dry season) affording habitats in groves, thickets, forest 
margins, and grasslands. 

2. Tropical steppe; large herds of mammals. 

3. Temperate savanna; habitats in groves, thickets, forest margins, and 
grasslands. 

4. Temperate steppe with cold or dry winters and usually large herds of 
mammals. 

5. Arid, broken, bush-covered steppe with small herds of mammals. 

(d) Communities of winter rain (forests with broad, thick leaves), e.g., California 
semi-desert. 

(e) Communities of desert and semi-desert. 

1. Grass, cactus, tree semi-desert with grazing mammals (a.g.. South Texas 
semi-desert); succulent semi-desert; shrub-covered semi-desert. 

2. Extreme desert without large diurnal mammals. 

(/) Arctic and Alpine lands. 

1. Tundra. 

2. Alpine meadows. 

S. Ice fields. 

n. Communities of Waters and Shores. 

(a) Communities of the sea {Marine). 

1. Communities of the open sea (Pelagic). 

(а) Mid-oceanic communities. 

(б) Oceanic island communities. 

(c) Sargassum communities. 

(d) Coastal oceanic communities. 

2. Communities of the sea bottom (Benthic). 


‘ From Shull, “Principles of Animal Biology,” McGraw-Hill Book Company, Inc., 1S41, 
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S. Littoral communities- 

(а) Communities of eroding shores; subdivisions based on exposure, 
bottom material, and latitude. 

(б) Communities of depositing shores; subdivisions as above plus 
vegetation. 

(c) Special communities: coral; tidepools; kelp, 
in. Communities of the Sea Shores. Animals feeding in the sea and breeding on the land, 
or vice versa. Classification based on climate. 

IV. C<mmnmities of the Fresh Waters. 

(o) Communities of still iraters. Subdivisions based on size, depth, and vegetation: 
littoral, pelagic, benthic. 

(b) Commumties of tvrhdent waters. Subdivisions based on character of water 
movement. 

(c) Swamps, marshes, etc. 

The 12 Cranial Nerves of the Vertebrates, Their Origin, Distribution, 

AND Function* 


Num¬ 

ber 

Name 

Origin 

DLstribution 

Function 

I 

Olfactory 

Olfactory lobe of 
forebrain 

Lining of nose 

Sensory 

II 

Optic 

Second vesicle of 
forebrain 

Retina of eye 

Sensory 

III 

Oculomotor 

Ventral region of 
midbrain 

Muscles of eye 

Motor 

IV 

Trochlcaris (pa- 
theticus) 

Dorsal region of the 
midbrain 

Superior oblique mus¬ 
cle of eye 

Motor 

V 

Trigeminal (trifa-, 
cial) 

Side of medulla 
(hindbrain) 

Skin of face, mouth, 
and tongue and mus¬ 
cles of jaws 

Largely sen¬ 
sory 

VI 

Abducens 

Ventral region of 
medulla 

External rectus muscle 
of eye 

Motor 

VII 

VIII 

Facial 

Auditory 

Side of medulla 

Side of medulla 

Chiefly to muscles of 
face 

Inner ear 

Largely motor 

Sensory 

IX 

Glossopharyngeal 

Side of medulla 

Muscles of membranes 
of pharynx, and 
tongue 

Sensory and 
motor 

X 

Vagus (pneumogas- 
tric) 

Side of medulla 

Posterior visceral 
arches, lungs, heart, 
stomach, > and intes¬ 
tines 

Sensory and 
motor 

XI 

Spinal accessory 
(not present in all 
vertebrates) 

Side of medulla 

Chiefly muscles of 
shoulder 

Sensory and 
motor 

XII 

Hypoglossal (not 
present in all ver¬ 
tebrates) 

Ventral region of 
medulla 

Muscles of tongue and 
neck 

Motor 


* There in an old rhyme that may aid in remembering the order of the cranial nervea: **On old Olympua* 
tufted top, a Finn and German picked some hops.** 






(Compaed from various sources; see bibliography at end of Chap. XXXIV) 
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Ths Gbooraphical Rkqions op the World Life Realms 

1. Nearctic realm (Gr. wro, late or new -f arctic). This includes North America» down 
to the edge of the Mexican Plateau, and Greenland. 

2. Palearctic (Gr. palaios, ancient -f- arctic). This region includes Europe, Africa 
(north of the Tropic of Cancer), Asia (north of the Himalayas), and Japan. Many plants 
and animals found here are also found in the Nearctic. These two regions are sometimes 
united to form the Holarctic region (Gr. holo, whole -j- arctic). 

3. Neotropical (Gr. nro, new or recent -I- tropical). This includes Central America, 
Mexico, South America, and the West Indies. 

4. Ethiopian (Gr. aithiops, black face). This includes Africa (south of the Sahara 
Desert), southern Arabia, Madagascar, and adjacent islands. 

5. Oriental (L. orientalise eastern). This region includes Asia south of the Himalayas 
and that portion of the Malayan Archipelago, which lies northwest of Wallace’s line. This 
line divides the Oriental and Australian regions. It passes east of the Philippines between 
the islands of Bali and Lombok and between Borneo and Celebes. 

6. Australian (from L. Terra Australise southern land) region. This includes Australia 
and adjacent islands as far west as Wallace’s line. It includes also a great many small 
islands east of Australia, There are practically no higher mammals here, but there are a 
great many Marsupials. 

7. Polynesian (Gr. polys, many; nesos, islands) regions. Made up of many oceanic 
islands of the tropical Pacific. Often included with the Australian region. 



GLOSSARY* 


abductor (&b t^r. L. from; duco, to lead). A muscL^ that draws a part away from the 
median line of the body or axis of an extremity, 
abiogenesis (&b' X 6 j^Jn' 4 sfs. (ir. a, not; bios, life; genesis, origin). The abandoned doctrine 
of origination of living organi8m.s from lifeless matter; spontaneous generation, 
aboral (&b 6' r&l. L. ah, from; os, mouth). Opposite the mouth. 

abacission (&b slzh' tin. L. ahseissio: ab, from; seimft^e, to cut). A zone of tissue formed in 
order that separation may take place. 

absorption (&b s^rp' shiin. L. ab, away; sorhere, to suck in). The taking up of fluids or other 
substances by cells or absorbent vessels. 

accretion (& kre' shiln. L. aoerescere, to increase). Increase in size by external addition, 
in contrast with intussusception. 

achondroplasia (a k^n'dr5 pin'zhi &. Gr. a, not; chondros, cartilage; plasis, a molding). 

Ljick of normal formation of cartilage, resulting in dwarfism, 
achromatin (a krft' m& tin. Gr. a, not; ehrorna, color). The substance of the cell nucleus 
that is not readily stained by usual staining agents, 
acoelomate (4 se' 16 radl. Cr. a, not; koilos, hollow). Without a body cavity or coelom, 
acronaegaly (&k' rb mbg' AII. (ir. akron, point; mcgas, big). A disease with enlargement of 
head, hands, etc., caused by hyperactivity of the pituitary gland after the individual 
is fully grown and normal ossification is complete, 
adaptation (&d' ftp t&^ shiin. L. ad, to; aptus, fit). The modification of an animal or plant (or 
of its parts or organs), fitting it more perfectly for existence under the conditions of its 
environment. 

adductor (& diic' ter. L. ad, to; dveo, lead) muscle. A muscle that draws a part toward the 
median line or axis. 

adrenal (&d re' n&l. I., ad, by, near; renes, the kidneys). The endocrine gland, located above 
the kidneys. 

adrenalin (&d rSn' & IXn). A hormone secreted by the medulla of the suprarenal glands. 

Extract is used as a heart stimulant, etc. (see epinephrine), 
adventitious (&d'vbn tish'iis. L. adventicius, superadded). Not essentially inherent; 
acquired. 

aerobe (ft' fr fib. Gr. aer, air; bios, life). An organism requiring free oxygen. An organism 
which lives only in the presence of oxygen (see anaerobe), 
aestivation or estivation (fts' tl vft' shtin. L. aestas, summer). A state of torpidity induced 
by the heat and dryness of summer. 

afferent (ftf' ftr ftnt. L. ad, to; ferre, to bear). Conducting inward to a part or an organ, 
agglutination (ft gl6b' tl nft' shiin. L. agglutinans, gluing). A reaction in which cells, as 
bacteria or blood corpuscles, suspended in a liquid, collect into clumps, 
albinism (ftl' bl nlz*m. L. albus, white). The condition in which there is a deficiency of 
pigment in the skin, hair, and eyes. 

‘ The system of pronunciation used is that of the second edition of Webster’s New 
International Dictionary, except that the dash between the syllables is omitted. Only those 
definitions which explain the meaning of the words as used in this book are included. 
Obscure derivations are also omitted* For terms not found in the Glossary, see The Index. 
Primary accent is indicated by ' and secondary accent by \ 
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allantois Gr. aUas^ sausage; ddos^ form). A primitive organ for respiration 

and excretion in birds. 

allelomoxph (& le' 16 m6rf. Gr. allelorij of one another; morphea form). Alleles; homologous 
genes, similarly situated on homologous chromosomes, 
altricial (al trtsh^ al. L. altrixt nourisher). Having the young hatched in a very immature 
state, so as to require care for some time after birth, 
alveolus (&1 ve' oliis. L. alveolus, a small hollow or cavity). A small cavity or pit, as a 
socket for a tooth or an air cell for the lung. 

ambulacral (&m' bii la'kr&l. L. ambulacrum, an alley or covered way). Pertaining to the 
areas in echinoderms in which are found the tube feet, 
amino acid (& me' no). One of a group of acids in protein. Organic acid in which one hydro¬ 
gen atom is replaced by the amino group (NH 2 ). 
aznitosis (ilm'f to'sts. Gr. a, without; mitos, thread). Direct cell division that does not 
involve formation of chromosomes or a spindle, 
amnion (iim' nf 6n. Gr. dim. of amnos, lamb; the membrane around the fetus). A thin mem¬ 
brane forming a closed sac surrounding the embryo of reptiles, birds, and mammals, 
amphiaster (a,m'ft Ss't?r. Gr. amphi, both; aster, star). A figure formed in mitotic cell 
division, consisting of two asters connected by the spindle, 
amphibious (am ftb' 1 us. Gr. amphihios, living a double life). Able to live on land and in 
water, as frogs, beavers, etc. 

amphimixis (5.ni'ft mfk'sts. Gr. amphi, both; mixis, a mingling). The union of the germ 
plasm of t wt) individuals in sexual reproduction, 
ampulla (&m pill' a. L. ampulla, flask). A membranous sac or vesicle, 
amylase (&m' 1 las). A starch-splitting enzyme; also called diastase. 

amylopsin (&m' 116p' sfn. Gr. aviylon, starch). A starch-digesting enzyme produced by the 
pancreas. 

anabolism (A n^b' 6 liz m. Gr. anahole, something heaped up). Constructive metabolism, 
anaerobe (a,n a' dr ob. Gr. an, without; aer, air). An organism that does not require air or 
free oxygen for maintaining life, e.g., certain bacteria {see aerobe), 
anaphase (fin'afaz. Gr. ana, up; phasis, to make to appear). A stage in mitosis, during 
which the halves of the divided chromosomes move apart toward the poles of the 
spindle and rearrange themselves for the formation of the nuclei of the new cells, 
anastomose (a nils'to moz. Gr. anastomosis, opening). Joining together of parts to form 
a network, such as blood vessels. 

anatomy (a nilt' 6 ml. Gr. ana, up; temnein, to cut). The science that treats of the structure 
of organisms. 

anion (&n' i' 5n. Gr. ana, up; ienai, to go). A negatively charged particle or ion that travels 
to the positive anode during electrolysis, 
annual (&n' u &1. L. annus, year). Plants that last only 1 year. 

annular rings (L. annulus, ring). Ring-like structures in stems of higher plants that show 
seasonal growth. 

antenna (&n t6n' k; N.L., horn of an insect). Movable, segmented organ of sensation on the 
head of insect.s. 

anther (&n' ther. Gr. anthos, flower). The pollen-bearing part of a plant stamen, 
antheiidiophore (&n'th5r fd'f ofor'). A gametophore-bearing antheridian only, as in 
certain mosses. 

antheridium (&n'thSr Id'1 tim. L. dim. of anther, flower). The male organs in certain 
flowerless plants that produce sperm cells. 

anthropoid (&n'thro poid. Gr. anthropos, human). Resembling man, especially applied to 
apes of the family Simidae. 

anthropology (&n'thro p61'6 ji. Gr. anthropos, human; logo^, a doctrine or science). The 
science of man and his development. 
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antibody (&n^.Ub6d]f. Gr. arUi^ against; body). A substance that opposes the action of 
another substance. 

antigen (&n'Wj^n. Gr. anti^ against; gen^ a thing produced). A substance that, when 
introduced into the body, stimulates the production of antibodies, 
antitoxin (Itn' it t5k' sin. Gr. anti^ against; toxihon, poison). A substance in the blood 
produced by the cells, or placed there artificially, that tends to counteract the toxins 
of disease germs in the body. 

apical (&p' 1 k&l. L. apex, summit). At or belonging to an apex, tip, or summit, 
apopyle (&p' 6 pil. (ir. ap, from; jyyle, gate). One of the openings by which the water passes 
out of a radial canal or flagellated chamber of a sponge, 
appendix (Up p^n' dlx. L. ad, to; pendere, to hang). An outgrowth, such as the vermiform 
appendix. 

apterous (&p' tSr iis. Gr. a, not; pteron, wing). Wingless. 

archegoniophore (iir' go' nl 6 for. Gr. archcgonos, first of a race; phoron, to bear). The 
stalk or base of the archcgonium formed by an outgrowth of the prothallium, 
archegonitim (iir'ke go'nl um. Gr. archegoyios, first of a race). The flask-shaped female 
sex organs in Bryophyta and Pteriodophyta and some gymnosperms. 
archenteron (ar kt^n' ti^r 6n. Gr. arche, beginning; enteron, intestine). The j)rimitive diges¬ 
tive sac of a gastrula. 

artificial parthenogenesis. The artificial activation of an egg to develop without fertiliza¬ 
tion by a male sperm («ee parthenogenesis). 

ascospore (&s' ko spr)r. Gr. askus, a bladder; spore). One of the spores contained in an 
ascus. 

assimilation (I.*, ad, to; »imilare, to make like). The act or process of assimilating or bringing 
to a resemblance or conformity; conversion of digested foods and other materials 
into living protoplasm. 

aster (As' tSr. Gr. aster, star). A star-shaped figure composed of the radiating lines seen 
about the centrosome during the middle stage of mitosis, 
asymmetry (a slm' S trl. Gr. a, not; symmetria, symmetry). Want of symmetry; especially, 
want of bilateral symmetry in an organism. 

atavism (&t' 4 vlz’m. L. of anus, ancestor). Recurrence in a descendant of characters of a 
remote ancestor. 

atlas (&t' l&s. Gr. Atlas, the name of a divinity having charge of the pillars that upheld 
the heavens). The first vertebra of the neck, which articulates with the skull, 
atom (&t' iim. Gr. atomos, uncut or indivisible). One of the minute indivisible particles of 
which the universe is composed. 

atomic theory. The theory that all material substances are composed of minute particles, 
of which the universe is composed. 

atrophy (&t'r6flf. Gr. a, negative; trophe, nourishment). A wasting away of a part of a 
living organism. 

auditory (6f dl to rf. L. avdira^ to hear). Pertaining to the sense organs of hearing, 
autolysis (6 tOl' f sis. Gr. autos, self; lysis, destroy). The process of self-digestion in organs 
and tissues. 

autonomic system (6' to n^m' Ik. Gr. autos, self; nomos, law). A system of ganglia 
and nerves that communicates with the central nervous system by way of the 
roots of the spinal and cranial nerves. It regulates involuntary muscles, blood vessels, 
etc. 

autosome (6^ t6 sOm. Gr. autos, self; soma, body). Any one of the ordinary chromosomes, 
as distinguished from sex chromosomes. 

atitotomy (Otfit^Oml. Gr. autos, self; tomos, a piece cut off). Self-division; the reflex 
separation of a part or a limb from the body, or division of the whole into two or more 
pieces, as in crustaceans, worms, etc. 
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autotrophic (6' t6 tr5f' ]fk. Gr. avios^ self; trephein, to nourish). Capable of self-nourishment; 
using for food a chemical element. 

auxins (dk' stns. Gr. atixein, to increase). Plant hormones influencing growth, 
axial skeleton. The skeleton of the head and trunk. 

axis of polarity. An imaginary axis of an organism having the animal pole at the anterior 
end and the vegetal pole at the posterior end. 
axon (&k' 86n. Gr. (ixon, axis). A nerve cell process that is typically long and slender and 
that usually conducts impulses away from the cell body, 
azygos 1 gtis. Gr. a, without; zygon, yoke). Odd; not one of a pair, as a muscle or vessel, 
bacteriophage (b&k tSr')f 6 f&j. Gr. hacterion, a staff; phagein, to eat). Living substance 
that destroys bacteria. 

behavior. The reaction of animals to their environment. 

biceps. (bX^ s^ps. L. 6ir, twice; caput, head). Having two heads, as the biceps muscle of 
the arm. 

binary fission (bX' nk ri fXsh' tin. L. bird, two by two; fissura, to cleave, split). The division 
of a cell into two equal parts. 

binomial nomenclature. The scientific method of designating organisms by two Latin or 
latinized words, the first indicating the genus and the other, the species; e,g., man. 
Homo sapiens, 

biogenesis (bl' 6 jSn^ ^ sXs. Gr. bios, life; genesis, origin). The established doctrine that all 
life arises from preexisting living matter (see abiogenesis). 
biogenetic law. The principle that animals repeat in modified form during their embryonic 
and larval development (ontogeny) stages in the evolutionary history of the race 
(phylogeny). 

biology (bl 51' 5 jX. Gr. bios, life; logos, discourse). The science of life. The branch of knowL 
edge that treats of living organisms. 

bionomics (bl' 6n5m'Xks. Gr. bios, life; nomos, law). The relations of organisms to their 
environment (see Ecology). 

biramous (bl ra' mfis.L. bis, twice; ramus, branch). Consisting of or possessing two branches, 
bisexual. Possessing both male and female reproductive organs. 

bivalent chromosomes (bl va' 15nt kro mo sOm. L. bis, twice; valere, to have power). Two 
chromosomes, one from the male and the other from the female, united temporarily, 
blastocoele (bias't6 86l. Gr. blastos, sprout; koUos, hollow). The hollow segmentation 
cavity of the blastula. 

blastoderm (bias' t6 dfirm. Gr. blastos, sprout; derma, skin). A membrane formed by the 
repeated segmentation of the blastomeres. 

blastomere (bias' t6 mar. Gr. blastos, sprout; meros, part). .\ny of the cells formed as the 
resiilt of the first few cell divisions of the egg. 
blastopore (bias' t5 p5r. Gr. blastos, sprout; poros, pore). The pore of the blastula stage, 
blastostyle (bias' t6 stil. Gr. blastos, sprout; stylos, pillar). The individual of a hydroid 
colony, such as Obelia, which forms medusa buds, 
blastula (bias' tfi la. Gr. blastos, sprout). A hollow sphere of cells that results from the * 
cleavage of the egg. 

Bowman’s capsule. The enlarged end of a kidney tubule in which is found a mass of thin- 
walled capillaries known as the glomerulus ,. 
brachial (bra' kf ai. L. brachium, arm). Pertaining to the arm. 
branchial (brang' kX al. Gr. hranohia, gills). Pertaining to gills. 

bronchus (brfing' kfis. Gr. bronchos, windpipe), A tube connecting the trachea with the 
lungs. 

Brownian movement. The peculiar vibratory movement of microscopic particles of both 
organic and inorganic substances when suspended in water or other fluids. The move¬ 
ment is the result of the impact of the molecules of the fluid surrounding the particle. 
First described by Eobert Brown. 
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bticcal (btik^ ill. L. bucca, cheek). Pertaining to the mouth. 

bud. Any outgrowth that develops into a replica of the structure from which it grows, 
caecum (s5' ktim. L. caecus, blind). A cavity open at one end. 
calcareous (k&l k4r' ^ fis. L. calcariust pertamiag to lime). Of limy composition, 
calorie (k&r 6 rl. L. color, heat). Small calorie: the amount of heat required to raise the 
temperature of 1 g. of water l^C. Large calorie: the amount of heat required to raise 
1 kg. of water 1°C. 

calyptra (k& lip' tra. Gr. kalyptra, a covering for the head). The archegonium of a liverwort 
or moss distended or variously modified or tom with the growth of its sporophyte. In 
some mosses it is carried up on top of the capsule as a thin, membranous hood, 
calyx (kfi' llks. Gr. kylix, a cup). The outer circle of fioral organs of a flower; made up of 
sepals. 

cambium (k&m' bl iim. L. cambiare, exchange). The active, growing cells between the 
xylem and the phloem in the fibrovuscular bundles of dicotyledonous plants, 
canaliculus (kiin^ a Ilk' liliis. L. canalis, channel). Small channels in bone connecting the 
lacunae with one another or with the Haversian canals, 
capillary (k&p'll€rl. L. capillaris, hair). A minute, thin-walled vessel tliat connects an 
artery and a vein. 

carbohydrate (kftr' bo hi' drat. L. carbo, coal; Gr. hydror, water). Any of a group of neutral 
compounds composed of carbon, hydrogen, and oxygen. Includes the sugars, starches, 
and celluloses. 

cardiac (kar' dl ilk. Gr. kardia, heart). Pertaining to the heart. 

carapace (k&r' k pas). The bony or chitinous case or shield covering the back or part of 
the back of an animal. 

carnivorous (kiir niv'6 rfis. L. carnis, flesh; vorare, to devour). Preying or feeding on 
animals. 

carpal (kiir' pal. (ir. karpos, wrist). Zoology: A wristbone. 

carpel (kar'pCl. (ir. karpos, fruit). Botany: A simple pistil or an element of a compound 
pistil. 

caste (kast. L. castus, pure). A distinct type or form among a group of organisms, 
castration (kits tra' shiin. L. castrarc, to castrate). Removal of gonads from plants or 
animals. 

catabolism {see katabolism). 

catalyst (kat' k list. Gr. kaia, down; lyein, to loose). An agent that accelerates a reaction 
without itself being changed or consumed in the process, 
cation (kat' 16n. Gr. kaia, downward; ion, going). A positively charged ion attracted to 
the cathode during electrolysis, 
caudal (k6' dal. L. cauda, tail). Pertaining to the tail. 

centriole (sSn' tri 6l. L. centrum, center). The small central granujp of most centrosomes. 
centrosome (s^n' tro som. Gr. kentron, center; soma, body). A body enclosing a minute 
granule or centriole, situated in the center of the aster and active during cell division, 
centrosphere (s^n' tr6 sf6r. Gr. kentron, center; sphaira, sphere). The spherical area around 
the centrosome; sometimes known as the astrosphere* 
cephalic (s^ fal' Ik. Gr. kephale, head). Pertaining to the head. 

cephalization (saf' k II za' shiin). The development of larger and more elaborate brain and 
head in higher animals. 

cephalothorax (s^'416 thO' r&ks. Gr. kephale, head; thorax, chest). The united head and 
thorax. 

cercaria (sfir ka' rl k, Gr. kerkoe, tail). The tailed larva of a fluke. 

cerebellum (s^r' 6 b61' dm. L. dim. of cerebrum, brain). The part of the brain in man that is 
behind the cerebrum and above the medulla, 
cerebrum (s^*' 6 brdm. L. e^ebrum, brain). The front (in man, upper) part of the brain, 
cervical (sflr' vi kill. L. cervix, neck). Pertaining to the neck. 
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chalone (k&r 5n. Gr. chdon, slackening). A hormone that depresses activity, 
chelicerae (kd Its' 6r 6. Gr. chelct claw; keros^ horn). The most anterior pair of appendages 
of the spider, scorpion, or king crab. 

cheliped (kg' IK pfed. Gr. chele, claw; L. pes, foot). The pincer-like appendage on the thorax 
of the crayfish and its allies. 

chemotropism (k§ m6t' r6 plz’m. chemo from chemical; Gr. trope, a turning). A simple 
orienting response, either positive or negative, to chemical stimuli, 
chitin (ki' tin. Gr. chiton, coat of mail). A white, horny substance forming the harder part 
of the outer integument of insects. 

chlorophyll (klo' ro fil. Gr. chloros, green; phyllon, leaf). The green pigment of most plants, 
chloroplasts (klo' ro pl&sts. Gr. chloros, green; plastos, formed). A plastid containing 
chlorophyll, developed only in cells exposed to the light. The seat of photo.synthesis 
and starch formation. 

chondriosome (k5n' drf 6 som'. Gr. chondros, cartilage; soma, body). A feebly refractive 
body in the protoplasm. 

chordate (k6r'dat. L. chorda, cord). An animal having a temporary or permanent dorsal 
notochord. All vertebrates are chordates, but the lowest chordates are not vertebrates, 
chorion (ko' rl 6n. Gr. chorion, membrane). A membrane enveloping the fetus of mammals, 
external to and enclosing the amnion. 

choroid (ko' roid. Gr. chorion, membrane; eidos, form). The highly va.scular membrane 
situated bet ween the sclerotic coat and the retina of the eye. 
chromatin (kro' md tin. Gr. chroma, color), \ protoplasmic material occurring in the 
nucleus of cells, which stains deeply. 

chromatophore (kro'mil to for', Gr. chroma, color; phorein, to bear). colored plastid or 
cell, as chloroplastid. 

chromidia (kromfd'f&. Gr. chroma, color). Small, particles of chromatin outside the 
nucleus. 

chromomere (kro' m6 mer. Gr. chroma, color; mrros, part). One of a linear series of chro¬ 
matin bodies in a chromo.some. 

chromosome (kro'mosom. Gr. chroma, color; soma, body). One of the .small bodies, 
ordinarily definite in number, in the celts of a given species, into which the chromatin 
of a cell nucleus resolves itself during mitosis, 
chyme (kim. Gr. chymos, juice). The semifluid mass of partly digested foo<l resulting from 
the action of the gastric juice, expelled by the stomach into the duodenum, 
cilia (sfl' 1 k. L, cilium, eyelid), Hair-like processes found on many cells, capable of a 
vibratory or lashing movement. 

cleavage (AS cleofan, to separate). Division of the zygote into cells, 
cleistogamous (klis t6g'a mils. Gr. kleistos, closed; gamos, marriage). Closed flowers with 
self-pollination or s^lf-pollinating nature. 

clitellum (klf t(fl' flm. L. clitellae, a packsaddle). A thickened section of the body of certain 
annelids that is an accessory reproductive organ, 
cloaca (kl6a'k&. L. cluere, to cleanse). The common cavity into which the intestinal, 
urinary, and genital canals open in most chordates below the mammals, 
cnidoblast (nl^ do blast. Gr. knide, nettle; blastos, bud). A sac-shaped stinging cell with a 
long, barbed thread and poisonous fluid, as in certain coelenterates. 
cnidocil (nl^ do sfl. Gr. knide, nettle; L. cilium, eyelash). The small trigger-like process for 
projecting the thread from the cnidoblast. 

coccyx (kak' slks. Gr. kokkyx, cuckoo). The end of the vertebral column beyond the sacrum 
in man and certain apes. 

cochlea (kdkMaa. Gr. kochlias, snail). The spiral structure (shaped like a snail’s shell) 
in the inner ear, containing the receptors for hearing. 
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coelom or coelome (se' 16m. Gr. koUoma, a holJow). The body cavity. The part of the body 
in which the organs rise. 

coelomate (s616' m4t). Possessing a coelom, or body cavity, as in animals above the 
coelenterates. 

coenosarc (se'nosilrk. Gr. koinosy common; sarXy flesh). Common tissue that unites the 
various polyps in a compound colony, such as Obelia, 
colloid (k6l' oid. Gr. kolla, glue). A jelly-like substance. A state of matter in which particles 
larger than single molecules are suspended in liquid, 
columella (k6r u mSK &. L. dim. of colvmeny column). Botany: Small, column-like projection 
of the stalk into the sporangium, as in bread mold. Anatomy and Zoology: Any of the 
various parts likened to a column, as bony or cartilaginous rod connect ing the tympanic 
membrane with the internal ear in birds and many reptiles or the bony central axis 
of the cochlea, etc. 

commensal (k6 in6n' s&l. L. com, with; mensay table). An organism, not truly parasitic, 
that lives on or in or with another, usually partaking of the same food, 
commissure (k6m' I shdor. L. commiamtray a joining together). .\ circle of nervous tissue to 
connect various regions, as in the earthworm, snails, insects, 
congenital (k6n j6n' If t&l. L. con, together; gignOy to bear). Present at birth, 
conidiophore (kb nld'f 6 for. Gr. konisy dust; phorciny to bear). A structure that bears 
conidiospores. 

conidiospore (kb nld' 1 b spbr'). A .spore formed by constricting the tip of a hypha. 
conus arteriosus (kb' nils ar te' rt o' sbs. Gr. konos, a cone). A cone-shaped structure 
between the arteries and ventricle of the circulatory system of certain animals, 
copulation (kbp' u la' shiin. L. copularcy to couple). Sexual union. 

corm (kbrm. Gr. kormosy trunk of tree). A solid, bulb-like expansion of a plant stem below 
the surface of the ground. A bulb is an underground-storage leaf bud. 
cornea (kbr'nea. L. cornevsy horny). The transparent part of the sclerotic coat of the 
eyeball that covers the iris and pupil and admits light to the interior, 
corolla (kb rbl' A. L. dim. of coronay crown). The petals, collectively, 
cortex (kdr' tbks. L. coriuviy leather, bark). In vascular plants, the portion of a stem or root 
external to the vascular tissue. 

cortin (kbr'tin. L. cortexy bark). A hormone from the cortex of the adrenals. It has been 
used with beneficial efiFects in treating Addison’s disease, 
cotyledon (kbt' I lb' dbn. Gr. kotyledony a cup-shaped hollow). A* seed leaf. Usually serves 
as storehouse for the embryo. 

Cowper’s gland. Small ovoid body associated with prostate gland and urethra in mammals, 
coxa (kbk' sA. L. coxuy hip angle). The first segment of the leg of an insect or other 
arthropod, by which the leg articulates with the body, 
cranium (krA' nl dm. Gr. kraniony the skull). The brain case. 

creatinine (krb At' I nen. Gr. kreaSy flesh). Nitrogenous substance in mu.scles and urine 
crenate (kre' nat. L. rrena, a notch). Having the margin cut into rounded scallops, 
cretin (krb' tin. L. ckristianuSy human being). One who is mentally deficient and physically 
diseased through lack of thyroid hormone in the system, 
crinoid (kri' noid. Gr. krinony lily; oidy like). A lily-like animal of the phylum hlchinoder- 
mata. 

crura cerebri. Fiber tracts of the ventral and lateral regions of the midbrain which connect 
the cord with the anterior cerebral region. 

cuneate (kii' nb At. L. cuneuSy a wedge). Wedge-shaped. Truncate at the apex, tapering 
to a point at the base. 

cutaneous (kfi t&' nb fis. L. mdisy skin). Pertaining to the skin. 

CUtin (kfit' In. L. eviis^ skin). The transparent waxy covering of leaves. 
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cydosis (si kid' ds. Gr* hyUodi^ circulation). The circulatory movement or streaming of 
protoplasm within a cell. 

cyst (sist). Gr. kystu, bladder, sac). A protective covering formed about an organism during 
unfavorable conditions or in the process of sporulation. 
cysticercus (sis' tl stir' ktis. Gr. kystis, bladder; kerkoft, tail). The bladder-worm, or larval, 
stage of certain tapeworms. 

cytology (si tdl' 6 jl. Gr. kytos, cell, logos, study). The study of cells, 
cytolysin (si tdl' I sin. Gr. kytos, cell; lys^is, destroy). A substance that destroys cells. 
C3rtOphAiynx (si' tdf&r'Ingks. Gr. kytos, hollow vessel; pharynx, chasm). The pharynx or 
gullet of a protozoan. 

C3rtopla8m (si' t6 pl^ls'm. Gr. kytos, hollow vessel; plasma, a thing molded). The protoplasm 
of a cell exclusive of the nucleus or of nuclear material, 
deciduous (d^sld'uiis. L. de, away; cadere, to fall). Falling at the end of the growing 
period or at maturity or at certain seasons, as leaves of some trees, antlers of deer, etc, 
deltoid (d^r toid. Gr. delta, triangle; eidos, form). Triangular, as a deltoid muscle, or deltoid 
leaf. 

deliquescent (dSl' I kw^s' Snt. L. deliquescens, dissolving). Dividing into many branches, 
dendrite (dfeu' drit. Gr. dendron, a tree). Branching processes (resembling branches of a 
tree), which come from the nerve cells, ending near the cell body and usually con¬ 
ducting impulses toward the cell body. 

dentate (dSn' tat. L. dens, tooth). Having regular, sharp-pointed marginal teeth directed 
outward, as a leaf. 

dentine (d^n' ten. L. dens, tooth). The inner part of a tooth. 

dermal (ddr' mal. Gr. derma, skin). Pertaining to the skin. The dermis is the inner layer of 
the vertebrate skin (see Epidermis). 

dermis (ddr' mis. Gr. derma, skin). The sensitive layer of skin beneath the epidermis; the 
corium. 

diiy>]iragm (di k fr&m. Gr. diaphragma, partition). The partition separating the cavity of 
the chest from that of the abdomen. 

diastase (dl'&stfts. Gr. dia, through; histanai, to set). An enzyme that converts starch 
into sugar. 

dichotomous (dl k5t'6 mds. Gr. dicha, in two; tome, to cut). Repeated forking into two 
branches at each node. 

dicotyledon (dl k6t'I le'diin. Gr. di, two; kotyle, a cup-shaped hollow). A plant having 
two cotyledons or seed leaves. 

diffraction (dl fr&k' shtin. L. diffractus, broken). The deflection of light waves when passing 
through narrow slits to form fringes of parallel light and dark-colored bands, 
diffusion (dl ffl' zhiin. L. diffusia, a spreading). The spreading of molecules of one substance 
among those of another. 

digestion (dl j^s' chfln. L. digestio, dissolve food). Chemical simplifleation of food so that 
it can be absorbed and utilized. 

digitigrade (dij'I tl grftd'. L. digitus, finger, toe; gradi, to walk). Walking on the digits, 
dimor^c (dl m6r' flk. Gr. di, two; morphe, form). Having two forms or types, as some 
butterflies. 

dioecius (dUe'shiis. Gr. di, two; oikos, house). Having male and female sex organs in 
separate organisms (c/. monecious). 

diploblastic (dip 16 bl&s' t0c. Gr. diplos, double; hlastos, germ). Two germ layers, as ectoderm 
and endoderm. 

diploid (dip' loid. Gr. diploos, double; ddos, form). Having twice the basic number of 
chromosomes (see haploid). 

distal (dls' t&l. L. dis, apart; stare, to stand). Farthest from the median line. 
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dizygotic (dl' zl gfit' &. Gr. di, two; yoke, pair). Derived from two eggs, as in certain 
types of twins. 

ductless gland. An organ whose function is to elaborate and secrete a hormone directly 
into the blood. An endocrine gland. 

duodenum (du' 6 ds' ndm. L. duodeni, twelve each, from its length, about 14 fingers* 
breadth). The first part of the small intestine, leading from the stomach to the 
jejunum. 

ecdysis (i^k' dl sis. Gr. ek, out; dyein^ to come). The losing or molting of an outer structure, 
as in the case of insects. 

ecology (e kiSK 6 jl. Gr. oikos^ house; logo»^ discourse). The branch of biology that deals 
with the mutual relations between organisms and their environment; bionomics, 
ectoderm (fek' to dfirm. Gr. ekios, outside; derma, skin). The primary tissue comprising 
the surface layer of cells in the gastrula. 

ectoplasm (i^k' to pl&z’m. Gr. ektos, outer; plwtma, a thing molded). The outer layer of 
c-ytoplasm of a cell, 
ectosarc. See ectoplasm. 

efferent (^f' ^.nl. L. ex, out; ferro, to bear). To convey away from a center, 

egest (e j^st'. L. ex, out; gerere, to carry). To cast out, as indigestible matter, 
clater (M' a t6r. Gr. elater, driver). An elastic, spring-like organ of various plants to disperse 
spores; a snapping or click beetle. 

electrolyte Ifk' Iro lit. electric ~1- Gr. lytos, dissolved). A substance, such as salts, acids, 
and bases, which, in solution, dissociates into electrically charged ions, 
electron (e ISk' tr5n. Gr. elektron, gleaming, the sun). The smallest part, or unit, of negative 
clcHtricity. 

element (61' e m6nt. L. elementum, unit). A substance whose atoms are all the same, 
elytra (61' i tr(i. Gr. elytron, sheath). The sheath-like wings of beetles, 
embryo (6m' bri o. Gr. en, in; bryein, to swell, teem). A young organism, either plant or 
animal, in the early stages of development. 

embryology (6m' bri 61' 6 ji. Gr. embryon, fetus; logon, discourse). The study of the develop¬ 
ment of the individual from the egg to the adult stage, 
emulsion (e miil' shiin. L. emulgere, to milk out). A mixture of two liquids or semi-solids, 
neither of which is soluble in the other, with the result that one is in the form of 
droplets suspended in the other. 

emulsoid. A suspension of the nature of an emulsion but with the dispersed phase more 
finely divided. 

encyst (6n slst'. Gr. en, in; kyntis, sac). To surround with a protective coat, 
endocardium (6n' d6 kUr' dl dm. Gr. endon, within; kardia, heart). The inner lining of the 
heart. 

endocrine (6n'd6krln. Gr. endon, within; krinein, to separate). Pertaining to internal 
secretions derived directly from a ductless gland by the blood, 
endoderm (6n' do dfirm. Gr. endon, within; derma, skin). The innermost of the germ 
layers of the gastrula, in subsequent stages, forming the lining of the essential parts 
of the digestive tract and its derivatives. 

endomixis (6n' d6 mlk' sis. Gr. endon, within; mixis, a mingling). Nuclear reorganization 
in some Protozoa {e,g„ Paramecium) without conjugation, 
endoplasm (6n' d5 pl&z*m. Gr. endon, within; plasma, a thing molded). The inner cytoplasm 
of the cell. 

endopodite (6n d6p' 5 dit. Gr« endon, within; pous, foot). The inner of two branches of a 
biramous appendage of a crustacean. 

endoskeleton (6n' d5 sk6l ^ tdn. Gr. endon, within; skeleton, a dried body). An internal 
skeleton, 

endosmosis (6n' d5s m6' sXs. Gr. endon, within; oemos, impulse). Osmotic diffusion toward 
the inside of a cell or vessel. 
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endospenn do spton. Gr. endon, within; sperma, seed). The food store in a seed outside 
of the embryo, as in corn. 

endosteum (^n d6s'ilm. Gr. endmi, within; osteon, bone). The internal lining of a bone, 
endothelium (6ii' do the' 11 tim. Gr. endon, within; thele, nipple). Cells originating from 
the mesoderm and lining the blood vessels and lymph spaces, 
enteric (Sn tiir' Ik. Gr. eriteron, intestine). Pertaining to digestion, 
entoderm. See endoderm. 

entomology (Sn' to m61' 6 jl. Gr. entomon, insect; logos, study). The study of insects, 
entozoic (€n to zo' Ik. Gr. endon, within; zoon, animal). Living within an animal, 
enzjrme (§n' zim. Gr. en, in; zyme, leaven). .4 substance secreted by certain organisms and 
inducing chemical changes, such as digestion or fermentation, 
epidermis (ifp' X dfir' mis. Gr. epi, over; derma, skin). The outer layer of the skin, 
epigenesis (Sp' 1 j^n' e sis. Gr. cpi, upon; genesis, origin). The doctrine that development 
proceeds from a relatively simple germinal substance, with complexity arising through 
the interaction of the protoplasm and the environment (see preformation), 
epiglottis (fep' 1 gl6t' Is. Gr. epi, upon; glotta, t<»ngue). Covering of the glottis during 
swallowing. 

epinephrine (^p'1 n€f'rln. Gr. epi, upon; nephros, kidney). The hormone of the medulla 
of the adrenals, often called adrenalin. It affects the same structures of the body that 
the sympathetic nervous system does. 

epiphyte (i^p' 1 fit. Gr. epi, on, upon; phyton, plant). A plant that grows upon other plants 
but is not parasitic upon them. 

epipodite (e pip' o dite. Gr. epi, upon; potis, foot), a branch of the basal joint of the pro- 
topodite of the thoracic; limbs of many crustaceans. It often extends upward into the 
gill chamber and serves to keep the gills clean, or to maintain a circulation of water, 
epithelium (€p' 1 the' 11 iim. Gr. epi, upon; thela, nipple). A layer of cells covering an external 
or internal surface, including the e.ssential secreting cells of glands, 
erepsin (e rSp' sin. L. eripere, to take away, set free). A proteiu-splitting enzyme of the 
intestine. 

erythrocyte (e rlth' ro sit. Gr. erythros, red; kytos, hollow vessel). A red blood corpuscle, 
eugenics (u j^n' Iks. Gr. eugenes, well bom). The science that dc‘als with influences that 
improve inborn or hereditary qualities in a series of generations of u race or breed, 
especially of the human race. 

euthenics (u then' Iks. Gr. euihenein, to thrive). The science having to do with the better¬ 
ment of living conditions, to secure more efficient human beings. 

Eustachian tube (u sta' kl tin. Eustachio, an Italian anatomist, d. 1574). The tube leading 
from the pharynx to the middle ear. 

evagination (e vtlj Ina'shhn. L. evageri, to wander forth). The outfolding of a layer of 
cells from a cavity. 

evolution, organic (S' v6 lu' shiln, or 6 vo. L. evolvo, unroll). The theory that existing living 
forms have been derived by gradual modification from earlier and simpler forms, 
excretion (Sks krfi' shtln. L. ex, out; cemere, to sift). The elimination of waste products of 
metabolism. A waste product. 

excurrent (Sks kfir' Snt. L. excurrens, running out). An undivided main stem or trunk, 
exopodite (Sks 6p' 6 dit. Gr. ex, out; pons, foot). The outer of the two branches of the 
typical biramous crustacean appendage. 

exoskeleton (Sk' s6 skSl' S ttln. Gr. exo, outside; skeleton, a dried body, a mummy). The 
hard outside covering of many organisms, to which internal muscles are attached, 
exosmosis (^k' sds mO' sis. Gr. ex, out; osmos, impulse). Osmotic diffusion toward the 
outside of a cell or vessel. 

expiration (^k' spl ra^ shfin. Gr. ex, out; spirare, to breathe). The act or process of emitting 
air from the lungs through the nose or the mouth. 
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extensor (£ks s^r. L. ex^ out; tenderer to stretch). A muscle that serves to straighten 
or extend a limb or part. 

eyespot. A pigmented area that is sensitive to light, e,g., red eyespot in Euglena, 
factor. As used in genetics, a specific germinal cause of a hereditary character (same as 
gene). 

Fallopian tube (fH lo^ pi S.n. From Fallopius, a physician of Modena, who died in 1562). 

The Fallopian tube is the oviduct in man and other mammals, 
fascia (f&sh' I L. fascia^ band). Sheet, or layer of more or less condensed covering of 
connective tissue in sheathing, supporting or binding together internal parts or 
structures of the body. 

fauna (f6' nfi,. L. FaunuSy a god of the woods). The animal life in any given area, 
feces (fs' sez. L./acjr, dregs). Wastes or excrements, 
femur (fe' m6r. L./ewwr, thigh). The thighbone. 

fermentation (fur'm^n ta'shiin. Lt. fermentumy leaven). Any of various transformations, 
especially of organic substances, by the action of ferments, as in souring of milk, etc. 
fertilization (ffir' tl U za' shiln. L. ferrcy to bear, produce). The union of an egg and sperm 
in sexual reproduction. 

fetus, foetus (f6^ tfls. L. fetus, oflfspring). The later embryo of a vertebrate; after the 
third month in man. 

fiibrin (fl' brln. L. fitpra, thread). An insoluble protein material in blood after coagulation, 
fibrinogen (fl brln' 6 j?n. L. fibra, thread; Gr. gignesthai, to form). A soluble constituent of 
blood that aids in the formation of fibrin. 

fibula (ftb' u l4. L. fibula, buckle). The outer and usually the smaller of the two bones in 
the leg below the knee. 

filial (fir I &1. L. filius, son; filia, daughter). In Mendelian inheritance, designating a 
generation or generations successive to the parental generation, 
fission (fish' iin. L. fissio, cleaving). The asexual division of Protozoa into two or more 
parts. 

flagellum (pi. flagella. fl4 g^l' ilm. L. flagellum., a w'hip). A long, whip-like process of a cell 
used as an organ of locomotion. 

flame cell. An excretory cell with a band of cilia in its interior, by means of which wastes 
are propelled to the outside, the action of the cilia somew'^hat resembling a flickering 
flame. 

flexor (flSk' .s6r. L. jlectere, to bend) muscle. A muscle that serves to bend a limb or part, 
flora (flo' r4. L. flos, flow'er). The plant life in any given area, 
flower {Ij.JIos, flower). A group of sporophylls and accessory structures; bloom, 
fontanelle (f5n' ta nSl'. Fr. fontanelle, little fountain). A .space between bones of the fetal 
or young skull covered with a membrane. So called because it shows a rhythmic 
pulsation, produced by the flow of blood in the vessels of the brain, 
foramen (f5 rft' m^fn. L./orar<!f, to bore, pierce). An opening in a structure, 
fovea centralis (fo' v^ A s5ii tra' Us. L. fovea, pit; a central pit). A small, rodless area of the 
retina affording acute vi.sion. 

fruit. The ripened ovule case and contents, together with any structures that, by adhesion, 
become an integral part of it. 

gamete (gUm' 6t. Gr. gamein, to marry). A matured sex or germ cell, 
gametogenesis (g&m'^ to j^n'S sis. Gr. gamos, marriage; genesis, origin). The production 
of gametes. 

gametophjrte (gam6't5flt. Gr. gamos, sexual union, phyton, plant). A plant producing 
gametes. 

ganglia (pi. of ganglion, g&ng' gU fin. Gr. ganglion, a swelling or tumor). A mass of nerve 
tissue containing nerve cells; a nerve center. 



886 


BIOLOGV: THE SCIENCE OF LIFE 


gastric (g&s' trflc. Gr. gaaier, stomach). Pertaining to the stomach or digestion, 
gastrolith (g&s' tr6 ttth. Gr. gaster^ stomach). A calcareous body found at certain times 
in the lateral walls of the stomach of the crayfish. Probably represents the storage of 
material for the exoskeleton. 

gastrovaacular (g&s'tr6 v&s^ ku ISr. Gr. garter, stomach. L. vasculum^ a small vessel). A 
cavity for both digestion and circulation, as in Hydra, 
gaatrula (g&s' tr^55 1&. Gr. garter^ stomach). A stage of the embryo consisting typically 
of a cup or open-mouthed sac with walls composed of two layers of cells. The mouth 
is called the blastopore and the interior cavity, the arehenteron. 
gemmule (g^m' til. L. gemma, a precious stone, bud). A small bud, especially one of the 
internal buds of certain sponges. 

gene (j5n. Gr. gen, to form). A factor, or determiner, concerned with the transmission and 
development or determination of hereditary characters, 
genetic (jd n6t' Ik. Gr. genesis, origin). Pertaining to, concerned with, or determined by the 
genesis of anything, or its mode of production or development, 
genital (jSn I t&l. L. gignere, to beget). Pertaining to reproduction. 

genot]rpe (jSn' 6 tip. Or. genos, race, kind; typos, model). The constitution of an organism 
from the gene standpoint {cf. phenotype). 

genus (je* nils. Gr. genos, race, stock). A classification ranking between family and species; 

a group of structurally or phylogenetically related species, 
geotropism (jS 6t' ro plz’m. Gr. ge, the earth; trope, turning). Reactions of living organisms 
to gravity. 

germ (jilrm. L. germen, offspring, bud). A small mass of living substance capable of develop¬ 
ing into an animal or plant or into an organ or part, 
gestation (jSs ta' shiln. L. gestatio, a bearing, carrying). The carrying, or pi^riod of carrying, 
of young, normally in the uterus, from conception to delivery, 
gill book. A special type of respiratory organ in aquatic Arachnida, in wdiich there is a 
series of membranous folds arranged like the leaves of a book, 
gill slits. Paired openings in the vertebrates that connect the pharynx with the outside and 
permit the exit of the respiratory current of svater to the outside (same as pharyngeal 
gill clefts). 

gland (L. glandis, acorn). Any cell, or group of cells, that manufactures a product for the 
use of the organism. 

glochidium (gl6 kid'I Urn. Gr. glochis, arrow point). A bivalved larva of mollusks that is a 
temporary parasite on a fish. 

glomerulus (gib mSr' u Ids. L. glomus, ball). A ball-like cjoil of capillaries at the enlarged 
end of each nephric tubule in the kidneys of higher vertebrate.^, 
glottis (glbt' Is. Gr. gUftta, tongue). Slit-like opening in the pharynx leading to the trachea 
or windpipe. 

glycogen (gll^ kb jbn. Gr. glykys, sweet; gen, producing). The form in which carbohydrates 
are stored in the body. 

goiter (goi' tSr. L. guttur, throat). An enlargement of the thyroid gland. 

Golgi bodies (gbP jb. After C. Golgi, an Italian physician). Special bodies in the cytoplasm 
of certain cells. 

gonad (gbn'Hd. Gr. gonos, reproduction). A sexual reproductive organ, either male or 
female. 

fono^re (gbn' b fbr. Gr. gonos, seed, offspring; photos, bearing). A gonad-bearing struc¬ 
ture. 

gonotheca (gbn'b thbk'k&. Gr. goms, offspring; theke, a case). Transparent sheath, or 
skeleton, of the reproductive individuals of a hydroid colony, e.g„ Ohelia. 
green gland. The excretory organ of the crayfish. 
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gustatoiy (gtis' t& id' rlf. L. gustare, to taste). Of or pertaining to or affecting the sense of 
taste. 

guttation (gii shdn. L. gutta, drop). The exudation of moisture from an uncut surface, 
gynandromorph (jf n&n' dr6 m6rf. Gr. gyne, woman; aner, man; morphe^ form). An indi¬ 
vidual of a bisexual species exhibiting the characters of each sex in certain parts of the 
body. 

habitat (h&b'ft&t. L. habitare, to dwell). The particular region in which an organism 
naturally or usually lives. 

halteres (h&l te' r6z. Gr. halter, weight used in jumping). A pair of capitate bodies used as 
balancers during flight of insects of the order Diptera. They represent rudimentary 
posterior wings of these insects. 

haploid (h&p' loid. Gr. haploos, single). Having the basic chromosome number for the 
species. 

Haversian canal (h& v<lr' sh&n. Havers, an English physician of the seventeenth century). 
Small canals in bone to conduct blood, etc. 

heliotropism (he'11 ^5t'ro pKz’m. Gr. helios, sun; trope, a turning). Response of organisms 
to light. 

helminthology (hfil' min th5l' 6 jl. Gr. kdmins, worm; logos, study). Study of worms, 
hemocoel (he'mosel. Gr. haima, blood; hnlos, hollow). A special part of the coelom for 
transporting blood. ^ 

hemoglobin (he' mo glo' bln. (ir. haima, blood; L. globus, globe). A compound in the small 
red blood (rorpiiscles that has an affinity for oxygen, 
hemophilia (he' mb fll' 1 A. Gr. haima, blood, philos, loving). A condition, usually heredi¬ 
tary, characterized by a tendency to profuse and uncontrollable hemorrhage, even 
from the slightest wound. 

hemorrhage (hSm' 6 rlj. (ir. haima, blood; rhegnynai, break). Loss of blood from a broken 
blood vessel. 

hepatic (hb p&t' Ik. Gr. hepai, liver). Pertaining to the liver, 
herbaceous (hbr ba' shtis. L. hcrbaceus, gras.sy). Plants without woody tissues, 
herbivorous (hbr blv' 6 rils. L. herba, herb; vorarc, to devour). Plant-eating organisms, as 
opposed to carnivorous. 

heredity (he ri5d' 1 tl. L. hereditas, heirship). The carrying down or transmission of physical 
and mental qualities from parent to offspring, 
hermaphrodite (hbr m&f' rb dit. Gr. Hermes and Aphrodite), An organism having both male 
and female reproductive organs. 

heterogamy (hSt' 6r bg' a ml. Gr. heteros, other; gamos, marriage). Union of unlike gametes 
(sex cells). 

heterosis (hbt' br 6' sis. Gr. heteros, other). Increased vigor resulting from hybridism, 
heterospory (hbt' er bs' p6 rl. Gr. heteros, other; spora, sowing). The condition of producing 
two kinds of spores, megasporcs and microspores, as in higher plants, 
heterozygote (hbt' Sr b zl' got. Gr. heteros, other; zygon, yoke). An organism formed by the 
union of gametes that are unlike in their gene content, 
hibernate (hr bfir nfit. L. hiberna, winter quarters). Passing the winter in a quiescent and 
torpid condition. 

histogenesis (his' tb gen' b sis, Gr. histos, warp, web (tissue); gen, to form). Tissue forma¬ 
tion and development. 

histology (his tbl' 6 gl. Gr. histos, warp, web; logos, study). Study of tissues and cells, 
holophytic (hbl' 6 fit'Ik. Gr. hdos, whole; phyton, plant). A term applied to plants that 
manufacture their own foods. 

holozoic (hbP b zb' Ik. Gr. halos, whole; zoon, animal). Securing food after the manner of 
animals, involving ingestion and digestion of organic materials. 
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homologous chromosomes (hA m6I'6 gils. Gr. homos, same; logos, speech). A pair of 
chromosomes, one from each parent, that have relatively similar value and structure, 
homologous genes. Genes similarly situated in homologous chromosomes, contributing 
to the same expression or different expression of a character, 
homothermal (Gr. hnwos, same; iherme, heat). Provided with a mechanism that maintains 
the body at a practically constant temperature, usually higher than that of the 
environment. 

homozygote (ho" m6 zP got. Gr. homos, same; zi/gon, yoke). An organism formed by the 
union of gametes that are alike in their gene content, 
hormone (hor' rnon. Gr. hormacin, to excite). An internal secretion, transported in the 
body fluid or the sap of an organism, producing a specific effect on the activity of cells 
remote from its source. 

humerus (hf/ mer us. L. umerus, shoulder). Bone of the upper part of the arm. 
hyaline (hi' a lln. (ir. hyalos, glass). Clear or transparent, as hyaline cartilage, 
hyaloplasm (hi'a lo pl&z’m. Gr. hyalos, glass; plasma, molded). The ground substance of 
living protoplasm. 

hybrid (hi' brtd. L. hyljrida, mongrel). A crossbred animal or plant. 

hydranth (hi' driinth. Gr. hydra, a mytladogical creature with nine heads; anthos, flower). 
Nutritive flf)wer-like zooid of a hydroid, such as Obelia^ as distinguished from the 
medusa form. 

hydroid (lii' droid). Resembling Hydra. 

hydrolysis (hi dr6l'f sfs. Gr. hydm, water; lysis, or loosening). A chemical process of 
decomposition involving the addition of the elements of water, 
hydrophyte (lil' dro fit. Gr. hydor, water; phylon, plant). A plant that grows in water or in 
saturated soil. 

hydrostatic organ. Organ for regulating the specific gravity of an organism in relation to 
that of water; e.g., the air bladder of certain fish, 
hydrotheca (hi' dro the' kfi. L. hydra; theca, case). Vase-like expansion of the skeleton, or 
perisarc, about a hydranth, e.g., of Obclia. 

hydrotropism (hi drdt' ro ptz’m. Gr. hydor, water; trope, a turning). Response of organisms, 
or parts of organisms, to moisture or water, e.g., many plant roots, 
hyoid (hi' oid. Gr. hyoeides, Y-shaped). Bone or cartilage at the base of the tongue, 
hjrperopic (hi'p6r dp'Ik. Gr. hyper, above; optikos, vision). Farsightedness, which occurs 
when the rays of light come to a focu.s behind the retina, 
hyphae (hi'fe. Sing., hyjiha. Gr. hyphe, a web). One of the thread-like elements of the 
mycelium of a fungus. 

h3^nosis (hip nO' sis. Gr. Ifypnos, Sleep, a personification). A type of artificially produced 
sleep in which there are certain unusual activities, with a suspension of others, 
hypocotyl (hi' pd kdt'Il. Gr. hypo, below; kotyle, cotyledon). That portion of the stem or 
axis below' the embryo of a scerl plant. 

hypodermis (hi'po ddr'mis. (ir. hypo, under; derma, skin). The cellular layer that lies 
beneath and that secretes the chitinous cuticle of arthropods, annelids, and some other 
invertebrates. 

hypostome (hi' p6 stom. Gr. hypo, under; stoma, mouth). The region around or under the 
mouth. 

ileum (II'd dm. L. ileum, groin). The last division of the small intestine, 
ilium (II' I dm. L. ilium, flank). I’he dorsal part of the hipbone or pelvic girdle, 
imago (L. imago, to imitate). In zoology an insect in its final adult, sexually mature, and 
usually winged state. 

Immunity (I mfl' nl tl. L. im, not; munid, services, obligations). The ability of the body to 
resist disease. 

incised (In sized'. L. incidere, to cut). Having the margin deeply and sharply and more or 
less irregularly notched. 
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incubation (Ifn' ku b&^ sbdn. L. incuhare, to lie in or on). The act or process of maintaining 
eggs or embryos under conditions of warmth favorable for the; development or hatching, 
incus (Ing' kiis. L. incusy anvil). The middle one of the chain of three bones in the car of 
mammals. 

infection (in f^*k' sluln. L. ni, in; facercy to make). The invasion of tissues by pathogen 
organisms, 

infundibulum (In'fiin dib'u liim. L. infundercy to pour into). A funncl-likc outgrowth 
from the ventral wall of th(" dicncephalon (.svt Pituitary gland), 
ingest (In jdst'. L. in, in; grrrrCy to bcai). To take in, as food for digestion, 
instinct (In' stTngkt. L. instingucrcy to incite). A subconscious, definitely fixed reflex act 
due to a definite arrangement of inherited pattern of nerve cells and tissues, 
integument (In tdg' u intuit. L. initgumenUnny covering). A covering or investing layer, 
intemode (tn' ter n6d. L. fa/er, between; nodusy knot). The space between two joints, 
intracellular (Tn' tra sel' li ler. T/. n/7ra, within; cHlulay cells). Within cells, 
intussusception (Tn' tus su st*p' shiin.L. hifuSy within; susnpcrcy to take up). The depo.sition 
of new particles of formative material among those already embodied in a tissue f>r 
structure, as in the growth of living organisms, 
invaginate (Tn vdj' T nat. L. fa, in; mginay sheath). To fold in, as in the gasLrula. 
ion (i' dn. Gr. going). Electrically charged particles into which molecules may be split 
when in water. 

irritability (Tr' T ta bTl' T IT. L. irrifOy excite). The ctipaeily of an organism to bi' sensitive it) 
any stimulus, internal or external. 

ischium (Ts' kT urn. (ir. hip). 'Phe dorsal and posterior of the three principal bones 

composing either half of the pelvis. 

isogamete (T' so gtV met'. (Ir, /.vo.s*, alike; gamete). A gamete of a type not exhibiting sexual 
or other differentiations, oppos(‘d to heterogamele. 
isotonic solution (i' so ton' To. («r. fvo.v, equal; tonlko.s\ pertaining to tension). A solution 
with an osmotic pre.ssiire erjiial to that of protoplasm, 
jejunum (j^ jtlb'ndrn, L. jejaiui.Sy empty, dry). Second or niid»lle part of the intestine 
extending from the duodenum tc» the ileum. Formerly supjrosed to be empty after death, 
jugular (jiig'^ u ler. L. juguhuriy collarbone). Pertaining to the neck, as the jugular vein, 
karyoklnesis (kar' T o kT nc' sis. (ir. kari/otty a nut or kernel; hiueiuy to move). (SVf mitosis.) 
karyolymph (kar' T o iTmf'. (Ir. karyouy nut, kernel, nucleus; L. lymphuy water). The ground 
substance of a cell nucleus. 

karyosome (kar'T 6 s6in'. Gr. karyoriy nut, kernel; somay body). .V iiucleus-like body in the 
chromatin net>vork f)f the cell nucleiLs, Jis opposed to the true nucl(‘olus or plasmasome. 
katabolism, or catabolism (ka tab' 5 iTz’m. Gr. katay down; halleiriy to throw). Destructive 
pha.se of metabolism. 

keratin (k^r' a tTn. Gr. kcras, horn). An insoluble substance similar to (rhitin, which forms 
the basis of horns, nails, hoofs, etc. 
labial (la' bf al. L. labium, lip). Pertaining to lips. 

labium (la' bT flm. I>. labiuniy lip). The lower lip of an insect, formed by the second pair of 
maxillae united in the middle line. 

labrum (la'briim. L. lahrumy lip). The upper or anterior lip of insects and crustacean.s 
and other arthropods, consisting of a single median piece or flap immediately in front 
of the mandibles. 

lactase (lak' i&s, L. laCy milk). An enzyme that changes lactose into dextrose and galactose, 
lacteal (l&k'te&l. L. lojeteuSy milky). One of the lymphatic vessels of the small intestine 
that convey the chyle from the intestine through the mesenteric glands to the thoracic 
duct; resembling milk. 

lacuna (16. ku' nft.'L. lacunay cavity). Space in which cells are located, as in bone; a pit. 
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lamella (1& &. L. lamella^ small plate). The structure made of small plates, such as the 

bony concentric layers surrounding Haversian canals, 
lanceolate (l&n^ s^ 6 l&t. L. lanceola, a little lance). Narrow, tapering to a point at the 
apex, and sometimes at the base also. 

lanugo (l&nO^gO. L. lanugo^ down). The downy covering of a human fetus and that of 
some other mammals, shed early in life. 

larva (l^rV4. L. larva^ mask). An active, immature stage of development; as larva in insects, 
lethal factor (le' th&l. L. letum^ death). A genetic factor that brings about the early death 
of the individual. 

leucocyte (lO' k6 sft. Gr. leukos^ white; hytos, hollow vessel, used here to denote a cell). A 
white, or colorless, blood corpuscle. 

levator (1^ va^ tfir. L. levare^ to rise). A muscle that serves to raise some part, 
ligament (Kg' 4 m^nt. L. ligare, to bind). A tough band of tissue serving to connect the 
articular extremities of bones, or to support or retain an organ in place, 
lignin (Kg' nln. L. lignum^ wood). The chemical substances related to cellulose, constituting 
the essential part of woody tissue, 
lingual (Kng' gwai. L. lingua^ tongue). Pertaining to the tongue. 

linin (K' ntn or 11 nln. L. linum, flax,-thread). A fine, thread-like structure associated with 
the chromatin of the nucleus. 

linkage. The inheritance of traits in groups because their genes are in the same chromosome, 
lipase (K' pas. Gr. lipos, fat). Any fat-splitting enzyme, 
lipoid (Kp' oid. Gr. lipos, fat). Of fatty nature. 

lumbar (Ifim' bfir, L. lumbus, loin). Of, pertaining to, or near the loins, 
lumen (lu' mSn. L. lumen^ cavity or passageway). Space within an organ or tube, 
lymph (Kmf. L. lympha, water). The blood plasma minus the red corpuscles, or the blood 
after it has exuded from the blood capillaries in the various tissues and organs, 
lymphatic (Km f&t' Ik. L, lympkaticus, distracted). A vessel in which lymph is contained or 
conveyed. 

lysin (ll' sin. Gr. lyHst a dissolving). A substance that destroys cells or tissues, 
macrogamete (ra&k'r6 g4 met'. Gr. makros, large; games, marriage). The large female 
gamete produced by an organism exhibiting heterogamy. 
macromere (m&k' r5 m€r. Gr. makros, large; meros, part). The large cells that are present 
during the cleavage stages of certain animals, 
macronucleus (m&k'ro ntt'kl^ tls. Gr. makros, large; L. nucleus, kernel). The larger, 
nutritive nucleus of certain Protozoa as distinguished from the smaller reproductive 
micronucleus. 

macroscopic (m&k' r5 shfip' Ik. Gr. makros, large; skopein, to see). Visible to the naked eye. 
macrospore (m4k' ro spOr. Gr. makros, large; spora, seed). The larger spore of a hetero- 
sporous plant. 

macula lutea (m4k' fil4 lii'te4. L. macula, spot, stain; luteus, yellow or brownish). The 
yellow spot of the retina where only cones are present. The point of clearest vision, 
madreporite (m&d'r$ p6 rlt. L. maier, mother; Gr. poros, a soft stone). A porous plate 
leading to the water-vascular system of the starfish, 
malleus (m41' ^ tis. L. malleus, hammer). The optermost of the three auditory bones. 
Malpighian (mftl plg'14n. After Malpighi (1628-1694), of Pisa). See Bowman’s capsule, 
mandibles (m&n' dlb’ls. L. mandere, to chew). A jaw. In arthropods, either the right oi 
left of the anterior pair of mouth appendages, which often form strong, biting jaws, 
mastax (m&s' tftks. Gr. mastax, mouth). The crushing apparatus of rotifers, 
matrix (mft' trlks. L. mater, mother). The noncellular material in which bone and cartilage 
cells are embedded. 

maturatibn (m&t'(i ra' shfin. L. maturatio, a hastening). The maturing of the eggs and 
sperm. 
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mechanism (mechanistic view). A theory that is in contrast to vitalism and that states 
that life can be explained in terms of natural transformations of energy and matter, 
without the introduction of any immaterial or “extranatural vital forces.** 
medulla (m6 dill' &. L. medulla^ marrow). The deep or inner substance or tissue of an organ 
or part, as of the kidney or of a hair. Medulla oblongata, posterior part of the brain, 
medullary ^eath (mgd' iS Ifer' t. L. medulla, marrow). The layer surrounding a medullated 
nerve fiber. 

medullary plate, groove, and tube. Three successive stages in the embryological develop¬ 
ment of the central nervous system of vertebrates, 
medullary ray. The pith ray in plants that separates, the bundles. 

medusa (me da' sit. Gr. medousa, one who rules). A free-swimming individual of a hydroid 
coelenteratc. 

megasporangium (mSg' k spo r&n' jl iim. Gr. mega, great). A sporangium which bears only 
megasporcs. 

megaspore (m€g' & spor. Gr. megas, great; spora, seed). The spore that contains the female 
sex cells in all higher plants that have developed sexual reproduction, 
meiosis (ml 6' sis. Gr. mei-ods, a lessening). The preparation of a sex cell for fertilization 
{see maturation). 

melanin (mei' k nln. Gr. melas, black). Black, or nearly black, pigment, 
melanophore (m^l' k no for. Gr. melas, black, phoros, to bear). A chromatophore containing 
black pigment, 

meninges (me nln' jez. Gr. meninx, membrane). The three membranes covering the brain 
and spinal cord (dura mater, arachnoid, pia mater), 
meristem (mSr' 1 st6n. (ir. merizein, to divide). Undifferentiated tissue in growing plants, 
composed of cells actively dividing. 

mesentery (mfis' dn t€r' 1. Gr. mesos, middle; enteron, intestine). Membrane to invest and 
suspend internal organs. 

mesoderm (m€s' 6 dfirm. Gr. mesos, in the middle; derma, skin). The middle tissue devel¬ 
oped in the gastrula stage of the embryo of an animal, lying between the ectoderm 
and the endoderm. 

mesoglea (m^s^ 6 gl€' a. Gr. mesos, in the middle; gloios, a glutinous substance). A gelatin¬ 
ous noncellular substance between the endoderm and the ectoderm of sponges and 
coelenterates. 

mesophyll (mSs' 6 ffl. Gr. mesos, middle; phylhn, leaf). The green layer of tissue composed 
of living, thin-walled cells between the epidermal layers of a foliage leaf, 
mesophyte (in€s' 6 fit. Gr. mesos, middle; phyton, plant). A plant that grows under medium 
conditions of moisture. 

mesothorax (mgs' 6 tho' r&ks. Gr. mesos, in the middle; thorax, chest). The middle of the 
three segments of the thorax of an insect. 

metabolism (mg t&b'6 ltz*m. Gr. metabole, change). The sum of the constructive process 
(anabolism) and the destructive process (katabolism) within a cell that go on in living 
matter, 

metagenesis (mgt'& jgn'g sfs. Gr. meta, over; genesis, origin). The alternation of asexual 
and sexual generations in the life cycle of such animals as Obelia and several of the 
higher plants. 

metamere (mgt' & mgr. Gr. meta, over, or repetition; meros, part). One of a series of similar 
segments of a body. 

metamorphosis (mgt' k mdr' f5 sYs. Gr. metamorphosis, to transform). A marked and more 
or less abrupt change in the form or structure of an animal during postembryonic 
development. 

metaphase (mgt' k faz. Gr. mala, between; phasis, to make to appear). A period preceding 
the anaphase in mitosis. 
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metaplasm (m^t'4 pl&z’m. Gr. meta, beyond, plassein, to mold). The lifeless materials of 
living protoplasm. 

metathorax (m€t' a tho' rftks. Gr. meta, after; thorax, chest). The posterior segment of the 
thorax in insects. 

microgamete (mi'kr6 ga met'. Gr. mikros, small; gamete). The smaller of two gametes 
pi'oduced by a heterogamous organism. 

micron (ml' krt^n. Gr. mikros, small). 1/1,000 part of a millimeter, or 1/25,000,000 in. 
micronucleus (mi'kr6 nil'kle Os. Gr. mikros, small; L. nucleus, kernel). The smaller, 
reproductive nucleus of certain Protozoa. 

microorganism (ml kro or' giln iz’m. Gr. milcros, small; organism). A microscopic organism, 
as a bacterium or protozoan. 

micropyle (mi' kro pil. (Ji*. mikros, small; pyle^ gate). A small opening, 
microspore (mi'krospor. (ir. mikros, small: spora, seed). Minute spores that contain the 
male sex ceils in all higher plants that have developed sexual reproduction, 
microsporophyll (mi' kro spo' rb fTl. Gr. mikros, small; spora, secil; phylUm, leaf). A sporo- * 
phyll-bcaring microsporaiigium. 

miracidium (mi' ra sid'i ilm. (ir. mrirakkm, youthful person). A ciliated stage in the life 
cycle of a liver fluke. 

mitochondria (mit'b kbn'dri a. Gr. mlios, thread; chondros, grits, cartilage). Somewhat 
regularly shaped bodies in cj’toplasm. 

mitosis (ml tb' sts. Gr. mitos, thread). Indirect cell division. Gharacterized by the division 
of the nucleus first and then the divi.sion of the cytoplasm {see amitosis). 
molecule (mbl' e kill. L. moles, mass). Any minute particle. In chemistry, it is a imit of 
matter, the smallest portion of an clement or compound that retains chemical identity 
with the substance in mass. Usually consists of a union of two or more atoms, 
molt (L. mutare, to change), '.riie shedding of an outer covering. 

monoecious (mb nc' shiis. Gr. vionos, one; oikos, household). Having both imde and female 
reproductive organs in the same individual. Same as hermaphroditic, 
monozygotic (mbn' 6 zT gbt' fk. Gr. monos, single; zi'ugou, yoke). Tw^o or more offspring 
developed from a single zygote or fertilized egg. 
morphogenesis (mbr fb jSii' e sts. Gr. morphe, form; genesis, origin). The origin and develop¬ 
ment of form and structure in an organi.sm. 

moiphology (mbr fbl' b jf. Gr. morphe, form; logos, discourse). The branch of biology dealing 
with the form and structure of plants and animals, 
morula (mbr' u la. L. morum, a mulberry). The globular mass of cells (blastomeres) formed 
by cleavage of the eggs in the early development of many animals, 
mutation (mu ta' shbn. L. mutare, to change). An offspring differing from its parent in 
some well-marked character or characters. 

mycelium (mi se'll iim. Gr. mykes, mushroom). The mass of interwoven hyphae forming 
the vegetative portion of the thallus in Fungi, 
myoneme (mi' b nem. Gr. mys, muscle; nema, thread). A type of contractive fibril in certain 
Protozoa. 

myopic (mi bp' Ik. Gr. inyops, a closing of the eyes). Near-sight, corrected by the use of a 
concave lens. 

myotome (ml' b tbm. Gr. mys, muscle; tome, cut). Muscle segments in the body wall of 
embryonic higher chordates and of adult lower chordates. 
narcotic (nar kbt' Ik. Gr. narkoun, to benumb). A drug that allays sensibility and produces 
sleep in small doses and that, in poisonous doses, produces stupors, coma, or con¬ 
vulsions. 

nares (na' rez. L. naris, nostril). Nostrils. 

nauplius (nb' pll bs. L. naupUus, a kind of shellfish). A kind of larva, characterized by three 
pairs of legs and a median eye, typical of certain Crustacea. 
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nematocyst (nSm' k t6 sist'. Gr. nerna, thread; kystis, sac). A stinging thread thrust from 
a sac-like cell, as in Hydra. 

neoteny (ne 6t' 6 nf. Gr. neost new; teineint to stretch). The retention of larval traits 
throughout life, even becoming sexually mature while retaining these larval traits. 
Paedogenesis. 

nephridium (nS frtd^ I iitn. Gr. 7irpkrtdios, of the kidneys). An excretory organ of the type 
found in certain invertebrates. 

nephrostome (n^f'rostdm. Gr. nephros^ kidney; stoma, opening). The ciliated opening 
at the inner end of a nephridium. 

neuroglia (nu r5g' IT a. Gr. neuron, nerve; glia, glue). Special tissue to bind and support 
nerve cells and nerve fibers. 

neurilemma (nu' ri Ifini a. Gr. 7teuron, nerve; lemma, covering). Mcunbranoiis covering of a 
nerve. 

neuron (nu' rdn. Gr. neuron, nerve). A nerve cell with all its process(‘s. 
nicotine (nfk' 6 ten. After Jean Nieot, who introduced nicotine, or tf)baceo, into France 
in 15()0). A very poisonous alkaloid, the active principle of tobacco. 

Nissl’s granules (after Franz Nissl, German alienist). Discrete bodies pnisent in cytoplasm 
of nerve cell, associated with their activities, 
nocturnal (n5k tfir' mil. L. uox, night). Active by night. 

nondisjunction. Failure of chromosomes to separate in cell division, with the result that 
both go to the same cell; particularly failure of maternal and paternal chromosomes 
to separate in the reduction division of maturation, 
notochord (no'tokdrd. (ir. uofon, the back; chorde, cord). A longitudinal elastic rod of 
cells that, in the lowest vertebrates and in the embryos of the higher vertebrate.s, 
forms the supporting and stitfening axis of the body, 
nucellus (nu st*l' ils. L. nux, nut)* The central part of an ovule containing the embryo sac. 
nucleolus (nu kle' 6 lus. L. dim. of nudeus, a nut). A well-defined body of unknown function 
found within the nucleus of most cells. 

nucleoplasm (nu' kle b pliiz’m. L. nux, nut; Gr. plasma, that which can be molded). The 
liquid part of the nucleus. 

nucleus (nu' kle lis. L. nwr, a nut). A .specialized body in all typical cells; a central organ 
that contains the chromatin. 

nutrition (nu trTsh' lin. L. fiutnre, to nourish). The sum total of all the proces.sevS taking 
place in the body that have to do w’ith the u.se of foods in building up tis.sues. 
n3rmph (nfinf. Gr. nyinphc, bride). The postlarval stage in the metamorphosis of such 
insect.s as the grasshopper. 

occipital (bk sTp'! till. L. occiput, back of the head). The base of the skull, 
ocelli (6 sbl' I. L. oculus, an eye). Plural of ocellus, a little eye. 
oculomotor (bk' u 16 mo' ter. L. oculus, eye; movere, to move). Moving the eyeball, 
olfactory (61 fiik' to rt. L. oderc, to have a smell;/ocere to make). Of, pertaining to, or con¬ 
nected with the sense of smell. 

ommatidium (6m' a thl' t 6m. Gr. omma, the eye). One of the elements, each corresponding 
to a simple eye, of which the compound eyes of arthropods are built up. 
omnivorous (6m nfv' 6 rus. L. omnis, all; vovare, to eat greedily). A term applied to animals 
that eat both plant and animal tissues. 

ontogeny (6nt6j'6nT. Gr, on, being; genes, born). Life history of an individual, as dis¬ 
tinguished from phylogony, or the evolution of a race or group, 
otfeyte (o' 6 sit. Gr. odn, egg; kytos, cell). The female egg before maturation, 
odgenesis (5'5 j6n'e sis. Gr. obn, an egg; genesis, origin). Formation of the egg and its 
preparation for fertilization and development, 
odgonium (5' 5 gd' nl iim. Gr. obn, egg; gonos, offspring). The primordial egg cell before 
maturation. 
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Operculum (6 p^r' kd liim. L. operculum^ a cover or lid). A lid-like process or part, 
opsonin (dp^ so nln. Gr. opsonein, to cater). A substance in the blood that aids phagocytes 
to destroy bacteria. 

optic chiasma (kl&z^m&. Gr. optikos, sight; chiasma, two lines placed crosswise). The 
crossing (resembling the Greek letter chi, x) of the optic nerves on the ventral surface of 
the brain. 

orthogenesis (6r' tho j^n' e sis. Gr. orthos, straight; genesis, origin). Development or evolu¬ 
tion in a definite direction. 

osculum (6s* ku Idm. L. osculum, little mouth). An excurrent opening, as in a sponge, 
osmosis (6s m6* sis. Gr. osmos, impulse). Diffusion through a semipermeable membrane, 
osmotic pressure. Pressure exerted by substances in a solution, 
osseous (6s' e ils. L. os, bone). Pertaining to bone. 

ostium, pi. ostia (6s' tl ttm. L. an opening). An entrance or mouth-like opening, 
otolith (o' t6 llth. Gr. ous, ear; lithos, stone). A limy particle in the auditory organ of many 
animals. 

ovary (o' v& rf. L. ovum, egg). The organ in which the egg cells multiply and are nourished, 
oviduct (o' vlf dOkt. L, ovum, egg; ducere, to lead). A tube or duct serving exclusively or 
especially for the passage of eggs from the ovary, 
oviparous (6 vtp' & rfls. L. ovum, egg; parere, to bring forth). Producing eggs that hatch 
after exclusion from the body. 

ovipositor (o' vl p6z' 1 tOr. L. ovum, egg; ponere, to place). A special structure at the tip 
of the abdomen of many insects for depositing eggs, 
ovoviviparous (o' v6 vl vip' rils. Gr. ovum^ egg; parere, to bring forth). Producing eggs that 
have a well-developed shell or covering, as in oviparous animals, but that hatch within 
the body of the parent, as in the case of many reptiles and clasrnobranch fish, 
ovulation (O' vu la' shOn. L, ovum, an egg). Giving off eggs from the ovary, 
ovule (o' vOl. L. ovum, an egg). The part of a plant that develops into the egg. 
ovum (o' vOip). The egg or sex cell of the female. 

oxidation (6k sY da' shOn. Gr. oxys, acid). Combining oxygen with a substance, 
oxyhemoglobin (6k' sY ho mo glo' bYn. Gr. oxys, acid; haema, blood; L. globus, a globe). The 
temporary union of oxygen with the hemoglobin of the blood, 
paedogenesis (pO' do j6n' 6 sYs. Gr. pais, child; genesis, origin). Sexual reproduction by the 
larval, or embryonic, stage rather than by the adult, 
paleontology (pa' le 6n t6l' 6 jY. Gr. palaios, old, ancient things; logos, discourse). The 
science that deals with the life of past geological periods, 
palisade tissue (pal' Y sad. L. palus, a stake). Tissue situated immediately below the upper 
epidermis of many foliage leaves. The cells are rich in chloroplasts and have small 
intercellular spaces. 

palmate (pal' mat. L. palma, palm of the hand). Having lobes radiating from a common 
point. 

palpus (par p6s. NX. palpus, a feeler). In arthropods, a segmented process attached to a 
mouth part, usually having a tactile or gustatory function, 
pangenesis (pan jSn' e sYs. Gr. pan, all; genesis, origin). A theory proposed by Darwin 
that all body cells give rise to minute particles called pangenes, which migrate to the 
germ plasm and impress their characteristics upon the latter. The theory is not 
accepted now. 

papilla (pa pYl' a. L. papilla, nipple). One of the vascular protuberances of the dermal layer 
of the skin extending into the epidermal layer, 
paramylum (Gr. para, beside; amylon, starch), A substance allied to starch, found in certain 
Protozoa. 

parapodium (pftr a pd' dY dm. Gr. para, beside; pous, foot). Paired processes on the body 
segments of the sandworm (Nereis) of the phylum Annelida. 
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parasite (p&r' k sit. Gr. para, beside; aiiost food). A plant or animal living in, on, or with 
some other organism. 

parath3rroid (p&r' ft thi' roid. Gr. para, along side of; thyreioeides, shield-shaped). One of the 
four small endocrine glands adjacent to the thyroid gland. 
parench3rma (pft rfing' kl mft. Gr. para, beside; en, in; ehein, to pour). Spongy, mesodermal 
tissue of organs of lower animals; or the fundamental plant tissues, as opposed to the 
more highly differentiated tissues. 

parotid (pft rot' Id. Gr. para, near; of os, the ear). Designating, pertaining to, or in the region 
of a salivary gland situated below the ear. 

parthenogenesis (par' the no jSn' e sis. Gr. partkenos, virgin; genens, origin). Reproduction 
by means of the development of an unfertilized egg, such as is found in certain plant 
lice (aphids), crustaceans, and worms. 

pasteurization (pfts'ter I za'shiin). The partial sterilization of a fluid at a temperature 
(131® to 158®F.) which does not greatly change its chemical composition, 
patella (pft t61' ft. L. pafena, a pan, dish). The knee pan or cap. 
pathogenic (pftth o jSn'Ik. Gr. pathos, suffering; genesis, origin). Disease producing, 
pathology (pft th^')!' 6 jl. Gr. pathos, suffering; logos, word or discourse). The science dealing 
with abnormal structural or functional conditions of an organism, 
pecten (p^k' t€n. L. pecten, a comb). A cornb-like structure in certain insects, 
pectoral (pt'k' to rftl. L. pectus, breast). Pertaining to the chest or breast region, 
pedal (pi^d'fil. L. pcs, foot). Pertaining to the foot. 

pedicellaria (pc*d' I s^ la' rl ft. L. pediculus, small foot). Small, pincer-like structures on the 
surface of certain echinoderms, such as the starfish, 
pelagic (pe Iftj' Ik. Gr. pelagos, sea). Of, or pertaining to, the sea. 
pellicle (pM' ll k’l. L. pellicula, small skin). A thin skin or film; a membrane, 
pelvis (p6l' vis. L. pelvis, basin). The broad, curved bones that support the organs of the 
abdomen. 

pentadactyl (p^n' tft dftk' til. Gr. pcnta, five; daktylos, finger). Having five digits or fingers, 
pepsin (pSp' .sin. Gr. pepsis, digesting). A protein-digesting enzyme of the stomach, 
perianth (p6r' I ftnth. Gr. peri, about; anthos, flower). The calyx, *or corolla, or both, when 
present. 

pericardium (pSr Ikar' dl flm. Gr. peri, about; kardia, the heart). A conical sac of serous 
in'einbrane that encloses the heart and the roots of the great blood vessels of vertebrates, 
pericycle (p^r' I si' k’l. Gr. peri, around; kyklos, ring or circle). A circle of plant tissue 
between the cortex and stele of stems or roots, 
perimysium (p&r' I rnizh' I iim. Gr. peri, around; mys, muscle). Covering or binding muscle, 
periosteum (p^r' 16s' 1(5 iim. Gr. peri, around; osteon, a bone). The membrane of ch)!!- 
nective tissue that closely covers all bones. 

peristalsis (per' I stftl' sis. C^r. peri, around; stallein, to place, arrange). A wave-like con¬ 
striction passing along a muscular tube. 

peritoneum (p6r'I to ne'ftm. Gr. peri, around; teinein, to stretch). The membrane that 
lines the coelom of vertebrates, as well as covers the viscera of that cavity, 
petiole (p6t' I ol. L. petiolus, a little foot). A leaf-stalk. The slender stem that supports 
the blade of a foliage leaf. 

phagocyte (fftg' 6 sit. phagein, to eat; hytos, hollow' vessel). A type of leucocyte that engulfs 
foreign materials. 

phagocytosis (fftg'6 sItO'sis). The destruction of foreign materials in organisms by the 
action of phagocytes (white blood corpuscles), 
phenotype (fe'nbtip. Gr. phaino, shovr; typos, impression). A type determined by the 
visible characters common to a group, as distinguished from their hereditary 
characters. 

phloem (fid' dm. Gr. pfUoos, bark). Food-conducting tissue of plants. 
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photoiryiithesis (fo't6 slfn'the sts. Gr. phos^ light; synthesis, to put or place together). 
The formation of carbohydrates from water and carbon hydroxide of the air by chloro¬ 
phyll with the aid of energy from light. 

phototropism (fo ti>t' ro pKz’m. Gr. phos, light; trope, a turning). Kesponse to light by living 
organisms; same as phototaxis. 

phytogeny (fil6j'enf. Gr. phylon, race; gen, descent). The ancestral history of a group 
or race (r/. ontogeny). 

pineal (pin' 6 3,1. L. pinea, the cone of a pine) gland. A small endocrine gland found between 
the two cerebral hemispheres. A remnant of the third eye. 
pinnate (pin' at. L. pinna, a feather). Applied to compound leaves when tliey have tVie 
leaflets arranged on each side of a common petiole, 
pistil (pis' til. L. pisiilum, a pestle). Organ of the flower, composed of ovule case, style, and 
stigma. 

pituitary body (pi tu' 1 t^r' 1. L. pitnila, phlegm). A small, oval endocrine gland attached to 
the infundibulum of the brain, occupying the sella turcica. Kxtracls of two lobes have 
wddel}’' different functions (page 624). 

placenta (plii s^n' ta. Gr. plakons, a flat cake). The vascular structure by which the fetus 
is nourished in the uterus. 

plankton (plangk' tfin. Gr. planhtos, wandering). Animal and plant life floating in the water, 
plasma (pl&z' ma. Gr. plasma, a thing molded). The fluid part of the bloorl, lymph, or 
milk. 

plasma membrane. A living, semipermeablc membrane covering the cytosome of certain 
cells. Same as cell membrane. 

plasmolysis (plilz mSl' 1 sis. (ir. plasma, something molded; lysis, a loosening), (nntraction 
or shrinking of the cytoplasm in a living cell due to loss of w^uter by exosmosis, as in a 
plant. 

plasmosome (Gr. plasma, a thing molded; soma, body). The body, known also as the 
nucleolus, within the nucleus. 

plastid (pl3,s' tld. Gr. plastcs, one who forms or molds). A sp(‘cialized protein body in cells 
that are concerned in constructing certain substances, 
pleura (pldor' a. Gr. pleura, a rib, the side). The delicate membrane that lines each half 
of the thorax of mammals and is reflected over the surface of the lung on the same 
side. Each has the form of a completely closed sac. 
plexus (pl&k' sus. I^. a twining). A network of nerves or blood vessels, 
plumule (ploo mul. L. ptumida, dim. of pluma, a feather). The primary bud of an embryo 
or germinating seed plant. 

Polian vesicle (named after the Italian naturalist, G. S. Poli). A bulb-like organ connected 
with the w’ater-vascular system of certain echinoderms. 
pol 3 rmorphism (pdl'f m6r'flfz’m. Gr. polys, many; morphe, form). Several types of indi¬ 
viduals in a group or community of organisms of the same parentage or species, 
precipitin (prd sip' I tin. L. praecvpiiare, to precipitate). A specific antibody developed in 
response to inoculations of a foreign protein and characterized by causing a precipitate, 
precocial (prek6'sh31. L. prae, before; coqvcre, to ripen). Designating birds whose young 
are covered with dowm and are able to run around when newdy hatched, 
predaceous (pre da' shtts. L. praeda, prey). Living by preying on other animals, 
pro^ottid (pro gl6t' Id. Gr. pro, for; gloUa, tongue). One of the segments of a tapeworm, 
pronephros (pr6 nSf' rds. Gr. pro, before; nephros, kidney). Embryology: One of the anterior 
of the three pairs of renal organs of typical vertebrates, 
prophase (prd' faz. Gr. pro, before, phasis, appear). A preparatory stage of mitosis preceding 
the metaphase. 

prosopyle (prds' 6 pll. Gr. proso, forward; pyle, entrance). Pores leading into the flagellated 
chambers from the incurrent canals in certain sponges. 
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prostate (pr5s' tftt. Gr. pro, before; histanai, to set). An accessory male gland near tbe 
urethra. 

prostomium (pro stoSnf fim. L. pro, before; stoma, mouth). That portion of the head 
situated in front of the mouth, especially in certain worms, 
prothalium (pro th^I' f iim. (ir. pro, before; thallos, thallus). The reduced thalloid gameto- 
phytc of ferns and their allies. 

prothorax (pro tho'rS,ks. (ir. protos, first; thorax, chest). The anterior segment of the 
thorax of insects, bearing the first pair t)f legs, 
protista (pro its' ta. Gr. proiistos, first). Single-celled animals and plants, 
proton (pro' t^in. (ir. protos, first). Part of the nucleus of an atom, with a positive charge 
of electricity. 

protonema (pro' to ne' mi\. (ir. proto, first; nnna, a thn'ad). The primary growth developed 
from the spore in mosses. 

protoplasm (pro' to plAz’m. (ir. protos, first; plasma, form). Regarded as the only form of 
matter in which, or by which, the phenomena of litV‘ are manifested; hence often called 
the physical basis of life. 

protopodite (pro t6p' 6 dJt. (ir, protos, first; pous, foot). The basal or proximal part of a 
typical appendage of a crustacean, to which th<‘ endopodite and exopodite are attached, 
proventriculus (pro' vi^n Irfk' u lus. L. pro, before, vcntriculus, small stomach). The first 
part of the stomach of such animals as insects, birds, etc. 
proximal (pr6k' st irull. L. proximus, next). Nearest tlie main axis; opposite to distal 
pseudopodium (su' do po' df tim. L. pseudo, false; podium, foot). A temporary protrusion 
of the protoplasm of a cell, especially of a unicellular organism serving various pur¬ 
poses, but particidarly that of an organ of locomotion, 
ptomaine (to' man. Gr. ptoma, a dead body). .\ny of a class of organic bases or alkaloids 
formed by the action of putrefactive bacteria on nitrogenous matter. Most ptomaines 
are harmless; some may be poisonous, 
pubis (pfi' bfs. L, pubes, adult). AnttTior part of the hip or pelvic girdle, 
pulmonary (pill' mo ner f. I-., pulmo, lung). Pertaining to the lung. 

pupa (pu' pk. L. pupa, a doll). The quiet stale in the development of some insects, occurring 
between the larval and adult stages. 

pure line. ;\*group of individuals arising from homozygous parents and having identical 
g<uies. 

pyloric caecum (pi I6r' fk s6' kiim. Gr. pyloros, gate keeper; L. caecus, blinds). An elongated 
pouch or diverticulum of the intestine. 

pylorus (pi lo'ru*. (ar. pyloros, gatekeeper). The opening from the stomach into the 
intestine. 

pyrenoid (pi rc' noid. Gr. pyren, fruit stone; eidos, resembling). A plastid or center fc»r 
forming starch. 

ramus (ra' mils. L. ramus, a branch). A branch or branching part. 

receptor (re si?p' t5r. L. receptor, a receiver). A receiving end organ, such as a sense organ, 
or sensory cell that is very sensitive to stimuli, 
rectal (rCk' till. L. rectum, straight). Pertaining to or connected with the rectum, the 
terminal portion of the intestine. 

Redia (rc' df a. From Redi, an Italian naturalist). The second type larva found in the life 
history of fiukes. 

regeneration (re ji^n (Sr a' shiin. L. re, back; generarc, to beget). Replacement of lost parts, 
renal (re' n&l. L. rencs, kidneys). Pertaining to the kidneys. 

retina (rftt' t na. L. rete, a net). The sensitive membrane of the eye that receives the image 
formed by the lens. 

reversion (rS vdr' shiin. L. re, back; verto, turn). A return toward some ancestral type or 
condition; atavism. 
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rhizoids (rl'zoid. Gr. rhizay root). In some lower plants, slender, root-like filaments that 
attach the gametophyte to the substratum and function as absorptive organs, 
rhizome (ri' z6m. Gr. rhizay a root). An underground root-like stem, 
rudiment (r55'dlm6nt. L. rudisy unwrought, rude). A part or organ tliat is not fully 
developed. 

sacculus (s&k' u Ms. L. scuccusy a sac). The anterior sac of the membranous labyrinth of 
the ear. 

saprophyte (sUp' ro fit. Gr. saprosy roicen; phyton, plant). Any organism living on dead or 
decaying organic matter. 

scansoiial (sk&n so'rl al. L. scandere, to climb). Pertaining to, capable of. or adapted for 
climbing. 

sebaceous glands (s^ba'shtts. L. sebum, tallow, grease). (»lands that elaborate a fatty 
substance (sebum) and secrete it into the hair follicles; oil glands, 
secretion (s6 krS' shiin. L. secretus, separated). Material elaborated by glandular tissue; the 
process involved in such an operation. 

sessile (sSs' II. L. sedere, to sit). Attached directly by the base; not raised upon a stalk, 
shoot. A stem with its leaves, especially one newly developed from a bud. 
soma (s6' mA. Gr. soma, body). Body tissue (somatoplasm) in contrast with germinal tissue 
(germ plasm). 

Sperm, spermatid, or spermatozoon (Gr. sperma, seed). The functional male sex cell, 
spermatogenesis (spfir' ma to j^n' e sis. Gr. sperma, seed; genesis, origin). The development 
of sperm cells (page 704). 

Spermatoph3rte (spfir' mii to fit. Gr. sperma, seed; phylon, plant). Seed-bearing plant. 
Spindle (spin' d’l. AS spinnan, to spin), A fibrous-appearing structure associated with the 
chromosomes in mitosis. 

spiracles (spi'rak’ls. L. spirarCy\o breathe). Openings on the body surfaire leading into 
the tracheal system of insects. 

Spireme (spi' rem. Gr. speirema, a coil). A stage in mitosis at which the I’hroinatin material 
of the nucleus appears in the form of a skein of filaments. 

Spongin (spiln' jin. Gr. spongos, sponge). A horny material, chemically allied to silk, forming 
the fibers of the skeleton of'certain sponges. 

spontaneous generation. See abiogenesis. 

spore (sp5r. Gr. spora, seed). A small, minute reproductive body. 

Sporophyll {spo' ro fll. Gr. spora, a seed; phyllon, leaf). A leaf that bears sporangia, 
sporophyte (sp6' r6 fit. Gr. spora, a seed; phyfon, plant). Spore-bearing (ase.xual) genera¬ 
tions in plants exhibiting alternation of generations, 
sporulation (sp^r' la' shiin). Formation of spores. 

stamen (sta' m€n, L. stamen, a thread). The pollen-bearing organ in seed plants; a micro- 
sporophyll. 

staminate (st&m'In4t. L. staminatus, consisting of threads). Usually applied to flowers 
possessing stamens but no pistUs. 

statOQ^StS (st&t' 6 sists. Gr. statos, standing, fixed; kystis, bladder). Organs of equilibrium, 
e,g., in medusae. 

stele (ste'M. Gr. stele, a post). The central cylinder of root and stem; formed of united 
vascular bundles in dicotyledonous seed plants. 

Stigma (stig' mk. Gr. stigma, a spot, mark). The tip of the pistil adapted to receive tlie pollen 
and provide for its germination. The eyespot of Euglena, 
stomata (stdm'ktk. Gr. stoma, mouth). Openings through the epidermis of a leaf for the 
interchange of gases and the exit of water vapor, 
supple me n t a r y factors. Factors that modify a more fundamental factor, 
symldosis (sIm' bl 6' sdb. Gr. syn, with; bios, life). Mutually beneficial association of two 
dissimilar species. 
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synapse (st n&ps'. Gr. synapsis^ conjunction, union). The contact or place of contact of 
the processes of one nerve cell with the processes or body of another, 
synapsis (st n^p' sis. Gr. synapsis^ conjunction, union). Conjunction of pairs of homologous 
chromosomes, of maternal and paternal origin, respectively, 
syncytium (sin sish' I iiiii. Gr. 8yn, together; kytos, cell). An undivided mass of protoplasm 
containing several or many nuclei. 

taxonomy (t&ks6n'6ml. Gr. taxis, an arrangement, order; noirws, law). The branch of 
biology that treats of the systematic classification of organisms, 
teleology (tiil' ^ 6V 6 jl. Gr. felos, completion or end; logos, word). The use of design, pur¬ 
pose, or utility as an explanation of any natural phenomenon, 
telophase (t?r o faz. Gr. telos, completion or end; phais, appear). Tinal phase of mitosis, 
telegony (te It'rg' 6 nl. (ir. ielos, completion or end; gonia, generation of). The supposed 
carrying over of the influence of a sire to the offspring of subsec]uent matings of the 
dam with other males. 

thallus (thal' iis. Gr. thallos, young shoot or branch). A relatively simple plant body, not 
differentiated into true root, stem, and leaf, e.g., in Algae, 
thorax (tho' rSks. Gr. thorax, chest). In insects, the middle of three divisions of the body. 
In mammals, the chest cavity. 

thymus (thC mus. Gr. thynios, the thymus). A glandular structure in the pharyngeal region 
of vertebrates. Functit)n obscure. 

tracheids (tril' kc Ids. Gr. trachys, rough, rugged). Special elongated cells that form water¬ 
conducting vessi'ls in the vascular bundles, especially in conifers, 
transpiration (tr&ns'spl ra'shiin. L. irons, across; spirare, to breathe). The exhalation of 
water vapor, particularly through the stomata of the plant leaf, 
trichocysts (trlk' 6 sists. (ir. trichos, hair; Gr. kyios, hollow vessel). Minute bodies arranged 
in the outer part of the ectoplasm of certain Infusoria (e.g., Paramecium), used for 
offense and defense. 

trophozoite (trdf'6 zo'it. Gr. trephein, nourisn; zoon, animal). A sporozoan during its 
growth phase. 

tropism (trd' plz’m. Gr. trope, a turning). The automatic directing of an organism toward 
or away from a source of stimulus. 

turgor (tur' gdr. I... inrgerc, to swell). Pressure within a cell, largely due to the absorption 
of water that distends or holds rigid the cell wall, 
tympanum (tim' pa niiin. L. tympanum, a drum). The eardrum. 

typhlosole (tif'losol. Gr. iyphlos, blind; solen, channel). A longitudinal fold of the wall 
projecting into the cavity of the inte.stine of some invertebrates (page 336). 
umbilical cord (L. nmbilirus, navel). The cord, composed mainly of blood vessels and con¬ 
nective tissue, that unites the fetus with the mother, 
umbilicus (dm bll' I kils. L. umhilicus, navel). The scar on the middle of the abdomen where 
the umbilical cord, or the yolk sac, has been attached, 
unguiculate (hng gwik' u lat. L. unguis, nail, claw). Provided with claVs. 
urea (u re' a. Gr. ouron, urine). Nitrogenous waste product of animal metabolism, 
ureter (u re' tSr. Gr. oureter, ureter). A tube carrying urine from the kidney to the cloaca 
or to the urinary bladder. 

urogenital (Q' r6 jSn'I t&l. Gr. ouron, urine; L. generc, to beget). Kelating to the urinary 
and reproductive system, taken collectively. 

urostyle (ff' r6 stil. Gr. aura, tail; stylos, a pillar). A terminal, rod-like bone of the vertebral 
column of the frog. 

uterus (d'teriis. L. uterus, womb, belly). In female mammals, an organ for containing, 
usually nourishing, the young during the development previous to birth, 
vacuole (v&k' tl 5l. L. vacuus, empty). A space within a cell, usually filled with some liquid 
product of protoplasmic activity. 
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vagixia (vk L. vagina^ a sheath). In female mammals^ a passage leading from the uterus 
to the exterior. 

vertebrate (vdr' te br&t. L. vcrtebraius, a backbone). An animal having a vertebral column 
or backbone. 

vestigial (v€s tXj' I &1. L. vestigium^ footprint, trace). Pertaining to a vestige or remnant, 
visceral (vis' Sr ftl. L. viscera, internal organs). The internal organs, as heart, liver, intestine, 
etc. 

vitalism (vl' t&l Xz’m. L. vita, life). The doctrine that the functions of a living organism 
are due to a vital principle or force, divstiiict from physical forces, 
vitamin (vi' t^i min. L. vita, life; amin, a chemical radical, NII 2 ). Any of a group of con¬ 
stituents of most foods in their natural state, of which very small quantities are 
essential for the normal nutrition of animals and possibly of plants (page* 624). 
viviparous (vl vlp'iSi rus. L. rivus, alive, parerc, to bear). Jlririging forth living young, 
xenia (ze'nl A, Gr. xenia, hospitality). The direct influence of pollen upon the seed, e.g., 
in Indian corn, a yellow-seeded variety pollinated by a blue-seeded one, which yields 
some ears with blue kernels. 

xerophyte (ze' ro fit. Gr. xeros, dry; phyion, plant). A plant adapted to dry conditions, 
xylem (zi' l^m. (ir. xylon, wood). The water-conducting, woody part of a fibrovascular 
bundle. 

yolk (yok. ME. yolke, ytdiow). Food material stored wdthin the cytoplasm of an egg. 
zooid (zo' oid. Gr. zoon, animal). An entity that resembles but is not wholly the same as a 
separate individual animal, e.g,, a sperm. 

zoology (Gr. zoion, animal; logos, discourse). The branch of biology that treats of animals, 
zygote (zF got. Gr. zygotos, yoked). The product of the union of two gametes, 
zymase (zl'mus. Gr. zym, a ferment; ast\ an enzyme). Any of a group of enzymes tnat, 
in the presence of oxygen, convert gluco.se and a few other carbohydrates into carbon 
dioxide and water, or. in the absence of oxygen, into alcohol and carbon dioxide, or 
into lactic acid. 
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A 

Abalone, 367 

Abdomen, 373, 374, 387. 395, 396, 398, 400, 
404, 406, 421, 422, 424, 427, 481 
Abdominal artery, 381 
Abdominal c-avity, 233, 503 
Abdominal segments, 375, 406, 408 
Abdominal veins, 240, 241, 441 
Abducens nerve, 253, 872 
Abductor muscle, 231, 660 
Abiogenesis, 10, 857, 865 
Abnormalities. 4, 620, 757 
Abomasum, 636 
Aboral, 351 
Abscission, 138, 139 

Absorption, 98, 105, 108, 113, 154, 178, 
242, 248, 336, 337, 399, 424, 529, 534- 
538, 546-549, 562 
by roots, 98. 108, 109 
Acanthoccphala, 82, 321 
Acanthometroiu 273 
Acarina, 421, 427 
Accessory floral parts, 161 
Accessory fruit, 168, 171 
Accessory nerve, 872 
Aedpiter^ 498 

Accommodation, 250, 488, 635, 636, 637 

Accretion, growth by, 9, 157 

Acellular animals, 265 

Acer^ 136 

Acetabulum, 229 

Acetic acid, 198, 253, 284 

Achilles* tendon, 668 

Achondroplasia, 623, 624 

Achorutea, 412 

Aciculum, 345, 346 

Acid, 19, 24, 50, 204, 284, 522, 532, 541, 
594, 616 
acetic, 193, 284 

amino, 151, 153, 236, 520, 535, 543, 548, 
540, 550, 591 
ascorbic, 527 
carbonic, 587 


Acid, fatty, 153, 236, 532. 535, 543 
hydrochloric, 235, 645 
lactic, 662 
Acidity, 551, 600 
Acincta, 80, 266 
Acontia, 308, 309 
Acorn, 170, 387 
Acorn worm, 432 

Acquired characters, 790, 798, 799, 865 
Acquired immunity, 569 
Acromegaly, 623, 624 
Actinopkrys, 80, 273 
Actinotrocha, 329 
Active immunity, 569 
Adaptations, 9, 47-61, 173, 197, 320, 412, 
451, 452, 461, 462, 465, 482, 483, 492, 
506, 756-779 

Adaptive behavior. 493, 772, 774-778 
Adaptive radiation, 759-762 
Adder, puff, 475 
Addison’s disease, 625 
Adductor muscles, 231, 660 
of mollusks, 361, 362 
Adelochordata, 431 
Adenoids, 684, 585 
Adhesive pad, 303, 406. 458, 764 
disk, 457 

Adipose tissue, 46 
Adjustor, 264, 601 
Adolescence (frog), 262 
Adrenal cortex, 625 
Adrenal gland, 233, 246, 442, 620, 625 
medulla of, 625 
Adrenalin, 625 
Adsorption, 27 

Adventitious roots, 101,113, 125 
Aedes aegypti, 418 
Aerobic respiration, 156, 574, 575 
Aestivo autumnal malaria, 274 
Afferent arteries, 248, 440, 593 
Afferent vessels, branchial, 248, 363, 381, 
434, 440 

African lungflsh, 450 
Afterbirth, 694 
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Agassiz, Louis, 864 
Age, of amphibians, 788, 789 
of fish, 788 
of invertebrates, 788 
of mammals, 503, 787, 79«, 793 
of man, 787, 793 
of reptiles,^ 787, 793 
Agglutinins, 569 
Aggregate fruit, 168, 171 
Agkistrodoriy 475 

Air, breathing of, 245, 246, 461, 475, 487, 
512, 573-585, 596, 633, 851 
chamber, 475 

inspired and expired, 579-581 
pressure, 585, 641 

sacs, 399, 400, 408, 448, 479, 487, 488. 

576, 577, 766 
spaces, 50, 487, 490 
Air bladders, of fish, 445, 448, 450, 691 
of plants, 125, 132, 133, 156, 186, 759 
Akenc, 169 
Albatross, 496, 500 
Albinism, 740, 746 
Albumen, 490, 491, 679, 692 
Albuminose, 532 

Alcohol, 193, 551, 575, 805, 807, 852, 853 
Alcoholic fermentation {see Yeasts) 

Alders, 218 
Aleurites, 677 
Alfalfa, 217, 807 
Alfalfa, weevil, 416, 826 
Algae, 55, 76, 77, 97, 180-186, 193, 197, 
207, 222, 311, 676, 788, 805 
blue-green, 180, 181, 182 
brown, 76, 77, 180, 186 
green, 76, 77, 180, 183-185 
harmful, 805 
red, 76, 77, 180, 186 
symbiotic of Hydra, 297, 811 
Alimentary canal, 234-236, 319, 334-337, 
533-540, 685, 686 
of carnivores, 537 
disorders of, 551, 552 
of herbivores, 636 
of omnivores, 537 

{See also individual animals and groups 
of animals) 

Alkali, 24 
Alkaline, 50 
Alkaloid, 810 

Allantois, 465, 466, 492, 591, 687, 693 
functions of, 687 


Allantois, origin of, 687, 694, 695 
Allele, 716 

Allelomorph, 716, 718 
Allergy, 552, 585 

Alligator, 61, 88, 89, 467, 470, 471, 472, 
477, 604, 692, 829 
Allspice, 812 
Alpaca, 830 

Alternation of generations, in animals, 186, 
204, 208, 276, 294, 302, 303, 304, 307, 
310, 680 

in plants, 201-203, 204, 206, 207, 208, 680 
Altricial, 492 

Alveolus, 466, 487, 677, 678, 582, 584 
Ahjssum, 216 
Alytes ohsietricans, 469 
A tnanita, 195 . 

Ambergris, 508 
Ambulacral groove, 353 
Ambulacral plates, 351 
Ambulacral pores, 351 
Amhystoma, 456, 459, 680 
Ameiurus, 448 
Amentiferac, 218 
American toad, 466 
{See also Toad) 

Ametabolous, 403 
Amidase, 532 

Amino acid, 155, 236, 520, 532, 543, 548, 
549, 550, 591 
Amitosis, 36 
Aminocoetes, 436 
Ammonia, 63, 64, 532 
Ammonite, 787, 788 
Amnesia, 664 

Amnion, 465, 466, 492, 686, 687, 692, 693, 
694 

Amniotes, 465, 466, 590 
Amniotic cavity, 492, 687 
Amniotic fluid, 693, 694 
Amniotic sac, 694 

Amoeba, 80, 81, 92, 196, 237, 266, 270- 
272, 279, 633, 534, 554, 688, 697, 601, 
644, 672, 814, 849 
cysts of, 849, 851, 852 
Amoebocytes, 354 
Amoeboid cells, 353 
Amoeboid movement, 26, 271 
Amphibia, 57, 73, 88, 89, 92, 225-263, 431, 
454-462, 466, 504, 557, 590, 604, 666, 
679. 767, 784, 788, 829 
adaptations of, 461, 465 
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Amphibia, age of, 461, 788, 789 
ancestry of, 460, 461 
metamorphosis of, 261, 262, 263, 619 
primitive, 461, 789 
AimphihoHps, 419 
Amphicoelous vertebrae, 442 
Amphineura, 84, 85, 360, 365, 366 
Arnphioxus, 86, 87, 92, 260, 402, 431-435, 
451, 683, 684, 688 
Amphipoda, 389 
Amphiumat 456 
Ampulla, 256, 442, 642 
Ampullae of Lorcnzini, 442 
Amylase, 532, 535, 543 
Amylopsin, 236, 538 
Anabolism, 8, 152, 153, 154 
Anaerobic bacteria, 156, 157 
Anaerobic respiration, 156, 574, 575 
Anal fin, 445 
Anal segment, 341 
Anal spot, 277, 278, 279 
Anaphase, 36, 37, 38 
Anatomy, 4, 858, 859, 862, 864,^865 

{See aUo individual plants and animals) 
Anaximander, 858 
Ancestral tree, 92 
Ancestry, of amphibians, 460 
of birds, 479 
of mammals, 503 
of man, 799-801 
of reptiles, 463, 464 
of vertebrates, 430-435, 789 
Ancient forests, 787 
Ancon sheep, 740 
Ancylostoyna^ 322 
Andalusian fowl, 721, 722 
Androsterone, 626 
Anemia, 522, 571, 817 
Anemone, 216, 842 
Anemotropism, 596 
Anesthetic, 812, 852 

Angiosperms, 74, 75, 78, 79, 97, 205, 210, 
213-222, 807 

Angleworm {see Earthworm) 

Anguilla^ 448 
Anhinga, 61 

Animal biology, 225-515 
Animal breeding, 745, 746, 786 
Animal pole, 259, 260 
Animalcule, slipper, 277 
wheel, 327, 828, 329 


Animals, 52, 57, 58, 60, 62, 67, 171, 632 
genealogical tree of, 92 
gregarious, 53, 54 
introducing foreign, 832 
Metazoa {see Metazoa) 
moss, 326 

multicellular, 208, 310 
number of species, 795 
response to light, 598 • 

symbiotic {see Symbiosis) 
unicellular, 265-289 
Anisogamete, 677 
Anisoptera, 414 
Ankle, 650, 655 

Annelida, 82, 83, 92, 319, 329, 331-349, 389, 
819, 820 

Annua] rings, of roots, 107 
of stems, 121, 122 
Annuals, 103, 118, 217, 218 
Annulus, 207, 208 
Anodontat 364 
AnoliSy 472 

Anopheles, 274-276, 418, 757, 826 
Anoplura, 416, 416 
Anosia, 772 
Anseriformes, 496 
Ant, 412, 824 
classification of, 418, 419 
cultivation of fungi by, 778 
honey, 778 
leaf-cutting, 778 
robber, 778 
slave, 777 
soldier, 776-778 
umbrella, 772, 778 
Ant honey, 778 
Ant “cows,” 777, 778 
Ant lion, 413, 414 
Antagohistic muscles, 660 
Anteater, 90, 508, 509, 694, 761 
Antelope, 762, 773, 816 
Antenna, 374, 376, 376, 377, 380, 382, 395, 
396, 401, 404, 406, 628, 629, 768 
cleaner, 404, 407 
comb, 404 

Antennule, 374, 376, 376, 377, 380, 383 
Anterior choroid plexus, 251 
Anterior mesenteric artery, 238, 239, 441, 
669 

Anterior vena cava, 240, 669 
Anther, 161, 164,167, 218, 220 
Antheridia, 184,185, 201, 202, 208, 206, 207 
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Anthononas, 416, 8^^ 

Anthozoa, 80, 81, 294, 307-309 
Anthrax, 823, 850, 852 
Anthropoid ape (sec Ape) 

Anthropoidea, 90, 91, 512, 513, 514 
Antibody, 565, 569 
Antigen, 5C9 
Antineuritic vitamin, 526 
Antipellagra vitamin, 526, 528 
Antirachitic vitamin, 527 
Antisterilily vitamin, 528 
Antitoxin, 569, 806, 849 
Antlers, 507, 626 
Anus, 227, 234, 236 

(•Sc£i also individual animals and groups 
of animals) 

Anvil, 630, 640, 641, 642 
Aorta, 238, 239, 397, 434, 439, 440, 441, 462, 
486, 487, 559, 563, 691 
Aortic arches, 462, 487, 504, 558, 559, 782, 
784 

Aortic loops, 337, 338 
Ape, 90, 91, 512, 513, 514, 604, 655, 781., 
786, 787, 799 

Aphid, 415, 416, 675, 777, 778, 822 
Aphis lion, 414 
Apis mcUificay 406 
Apoda, 88, 89 
Aponeuroses, 659 
Appendages, abdominal, 374, 376 
of crayfish, 374, 876, 377-379 
of insect, 373-419 
jointed, 373-428 
paired, 428, 436 

vertebrate, 225, 228-230, 649, 660-052, 
658, 781 

vestigial, 781, 782 

(See also individual animals) 
Appendicitis, 552 

Appendicular skeleton (see Skeleton) 
Appendix, 633, 639, 544, 662, 781 
Apple, 168, 193, 216, 683, 824, 826 
Applied biology, 805-854 
Aptcra, 412, 413 
Apterygiformes, 495 
ApteryXf 495 

Aquatic animals, 407, 512, 766-768 

Aquatic plants, 57 

Aqueduct of Sylvius, 260, 251, 609 

Aqueous humor, 635 

AquUegia, 215 

Aquinas, 796 


Arachnida, 87, 92, 421, 827 
Arachnoid membrane, 250, 610 
Arachnoidea, 86, 92, 374, 421-428 
Araneida, 421, 423-426 
ArbaeWt 366, 357 
Arbutus, 839, 842 
Arcella, 80, 272, 273, 644 
Arch, branchial (see Branchial arches) 
fallen, 657 
of foot, 661, 655 
functions of, 655 

Archaeopieryx, 88, 479, 480, 790-792 
Archacornist 480 
Archaeornilhes, 88, 480 
Archiannelida, 82, 331 
Archegonia, of ferns, 206, 207 
of March ant ia, 201 
of moss, 202, 203 
of pine, 210, 213 

Archciiteron, 260, 684, 685, 687, 689 

Arclicozoic era, 788 

Areola, 374 

ArgaSf 42J 

Argasidae, 427 

Argulus, 386 

Arisaerna^ 842 

Aristotle, 68, 69, 796, 858, 859, 863 
Aristotle/s lantern, 357 
Arm, invertebrate, 363, 369, 674 
vertebrate, 648, 652, 655 
Armadillo, 91, 609, 696, 760, 816 
Army worm, 825 
Arrow worm, 321, 329 
Arterial system, 238, 239 

(Sec also individual animals and groups 
of animals) 

Arteries, 237-239, 380, 381, 424, 647, 669, 
660 

hardening of, 570 
Arterioles, 242 
Arthrobranchiae, 382 

Arthropoda. 73, 86, 87, 92, 373-428, 644, 
821 

Artichoke, 218 
Articulare, 504 
Artiodactyla, 73, 90, 511 
Ascans, 82, 321, 322, 819, 851, 852 
Ascidians, 87, 431, 432 
Ascomycetes, 76, 181, 192, 193 
Ascorbic acid, 527 
Ascospore, 181, 102 
Ascus, 181, 192 
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Asexual reproduction, 274, 275, 298, 671, 
672, 674-676 

(See also Binary fission; Budding; 
Parthenogenesis; Regeneration; 
Spore formation) 

Ash, 169, 170, 172 
Asiatic cholera, 823, 849 
Aspen, 218 
AspidiotvSy 416, 826 
Aspidivin, 79 

Ass. 747, 748, 750, 794. 830 
Assimilation, in animals, 271, 534, 546-549 
in plants, 162, 153, 532 
Association neuron, 615 
Assortment, random, 703-707, 725 
Aster, in cell, 33, 37, 41 
Astcrias, 350, 361 
Asteroidea, 84, 86, 350 
Asters, 218 
mauve, 598, 699 
Asthma, 585 
Astigmatism, 639, 850 
Astragalus, 217 
Asfrangia, 309 
Asymmetry, 360 
Atlas, 228, 647, 663 
Atom, 14, 16, 17-20, 519, 520, 575 
Atrial cavity, 433, 434, 435 
Atrial opening, 432, 433 
Atrial orifice, 432 
Atriopore, 434 
Atropa helladonnat 810, 811 
Atropine, 217, 810 
Auditory canal, 640 
Auditory capsule, 256, 442, 647 
Auditory nerve, 253, 255, 401, 630, 640, 
642, 872 

Auditory organs, 409, 629 
Auditory pits, 401, 409, 641 
Auditory placodes, 690 
Auditory sense, 401 
Augustine, Saint, 796 
Auk, 499, 500, 795 
Aurelia, 80, 294, 306, 307, 535, 817 
Auricles, 242, 243, 244, 362, 363, 404, 407, 
439, 440, 462, 558, 561, 563 
{See also Individual animals and groups 
of animals) 

AuHcvlaria, 366, 356 
Auriculoventricular valves, 242, 243 
Australian realm, 67, 874 
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Autonomic nervous system, 249, 253, 608, 
610-616 

functions of, 614 
Autosomes, 737, 738 
Autotomy, 356, 357, 385 
Aves, 88, 89, 92, 479-500 
((See also Birds) 

Avicularium, 326 
Avoiding reaction, 283, 286 
Axial skeleton {see Skeleton) 

Axil, leaf, 118, 128, 129 
Axillary buds, 118, 128, 129 
Axis. 647, 663 
Axolotl, 456, 459, 680 
Axon, 601, 602 
Aye aye, 512 
Azalea, 842 

B 

Babesia, 813 
Baboon, 514 
Bach, 753 

Bacillariaceae, 76, 180 
Bacilhis, 187, 188, 552 
anthraeis, 850 
dysentcriac, 849 
of lockjaw, 187 
of psittacosis, 848 
of tuberculosis, 187, 849, 865 
of typhoid, 187, 191, 849, 852 
Backbone, 661, 655 

{See also Spinal column) 

Bacon, Francis, 860 

Bacteria, 11, 24, 62, 64, 77, 180, 182, 186- 
191, 278, 544, 564, 567, 585, 666, 765, 
813, 814 

acid-forming, 193 
beneficial, 806 
of decay, 62, 63, 190 
defense mechanism against, 582 
denitrifying, 63, 64 

harmful, 187, 190, 529, 584, 805, 806, 
849, 865 

in industry, 190, 806 
luminescent, 156 
nitrogen-fixing, 63, 189, 190, 807 
sulphur, 190 
Bacteriology, 865 
Bacteriophage, 187 
Bacterium tvlarense, 848 
Baer, von, 391, 782, 862 
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Balance, nature's, 58-61, 756 

Balanoglossun, 86, 87, 92, 355, 359, 431 

Balantidium^ 814, 815, 849 

Balanus, 386, 387 

Baldness, 665, 746 

Bandicoot, 509 

Banting, 625 

Banyan, 112-114 

Barbels, 448 

Barberry, 131, 148, 195, 196 

Barbs, 172, 407 

Barbules, 484, 486 

Bark, 121 

Bark lice, 414, 416 

Barley, 193, 807, 826 

Barnacles, 10, 55, 373, 386, 387, 391, 783 

Barometric pressures, effects of, 585 

Barriers, 51, 52, 785 

Bas-relief, 857 

Basal disk, of hydra, 294, 296, 298 
of sea anemone, 308 
Basal metabolism, 549 
Base, 19 

Basidiomycetes, 76, 181, 194-197 
Basidium, 181, 194 
Basilarchiut 772 
Basipodite, 376 
Basket, pollen, 404, 407 
Basket starfish, 350, 357 
Bat, 90, 91, 502, 506, 610, 636, 616, 649, 785, 
814 

Bateson, 741 
Bath sponge, 290, 292 
Baths, 668 

Beagle, voyage of the, 797 
Beak, of birds, 479, 481, 482, 487, 489, 492, 
493, 496, 774 
of turtles, 468 

Bean, 106, 217, 682, 807, 826 
Johanssen*s, 746 
seed, 176, 178, 214 
seedling, 176 

Bear, 73, 506, 510, 511, 767, 831 
Beard, of Bison, 507 
of man, 663, 801 
Beasts of burden, 507, 511 
Beaver, 506, 607, 509, 761, 778, 843 
Beche-de-mer, 358, 821 
Bedbug, 416, 416, 823 
Bee, bumble, 411, 412, 418 
honey, 394, 404-411, 419, 697, 739, 821, 
822 


Bee, and pollination, 164, 411 
sex determination of, 739 
sting, 407 

swarming wild, 403, 417 
“Bee bread," 407 
Beech, 74, 218, 740 
Bees, 50, 220, 636, 778 
swarming of, 411 
Beeswax, 406, 407, 410, 822 
Beet, 102, 103, 109, 125, 809 
Beetle, 416, 416, 417, 822-826 
Beggar tick, 172 

{See also Coleoptcra) 

Begonia, 101, 164, 674 
Behavior, 257, 283, 617, 618, 774 
protective, 776 
Belladonna, 217, 810 
Benoit, 598 
Beriberi, 526, 850 
Berry, 170 
Betulaccae, 218 
Biceps, 668-660 
Biceps, femoris, 668 
Bicuspids, 541 

Biennials, 103, 109, 118, 217, 218 
Bilateral symmetry {see Symmetry) 

Bile, 236, 439, 538, 552 
Bile duct, 236, 315, 317, 439, 486, 487, 662 
Binary fission, 182, 268, 272, 280, 672 
Binomial nomenclature, 70, 863 
Biogenetic law, 391, 392, 590, 782 
Biological communities, 56 
Biological factors, 52 
Biological laboratories, 869 
Biology, 1, 3 
applied, 805-854 
divisions of, 4 
history of, 857-869 
and human welfare, 805-854 
Biparental {see Heredity) 

Bipinnaria larva, 366, 356 
Biramous appendages, 376, 376 
Birch, 74, 218 
Bird of paradise, 500 
Bird louse, 414 

Birds, 51, 67, 72, 73, 88, 89, 92, 431, 46% 
476, 479-500, 504, 508, 632, 537, 558, 
576, 688, 591, 597, 698, 604, 607, 647, 
666, 673, 679, 681, 738, 756, 767, 774, 
781, 784, 786, 798, 832, 927 
ancestry of, 479 
beaks of, 482, 492, 774 
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Birds, classification of, 418, 495-499 
coloration of, 485, 486, 769 
embryology of, 491, 492, 687, 692-694 
feathers of, 479, 484, 486, 830 
feet of, 483, 492, 774 
flight of, 489, 497 
fossil, 480 
game, 829 

migrations of, 493, 494, 495, 775 
nests, 493, 774 
orders, 495-499 
origin, 479 

of prey, 479, 486, 488, 492, 493, 495, 496. 
498, 829 

products from, 830 
rhinoceros, 53 
sex characters, 486, 773 
songs of, 488, 493, 830 
toothed, 479, 480, 787, 700-792 
Births, multiple, (>95, 696 
Bison, 53, 507, 511, 839 
Bissonnette, 598 
Bittersweet, 217 
Bivalve, 352, 361-365 
Bivium, 351 

Black coat color, 720, 724, 725 
Black Hole of Calcutta, 581 
Black widow spider, 426, 827 
Blackbird, 499 

Bladder, 230, 233, 234, 247, 261, 327, 380, 
382, 448, 488, 602, 688, 590-595, 612, 

673 

gall, 230, 236, 639, 692 

movements of, 614 
plant, 186, 759 

{See also individual animals and groups 
of animals) 

Bladderworm, 318, 319 
Blade, 128, 129 

Blastocoel, 259, 260, 344, 685, 691 
Blastoderm, 492, 685, 691 
Blastomere, 259, 683 
Blastophaga, 419, 823 
Blastopore, 260, 684, 687, 689 
Blastostyle, 301 

Blastula, 259, 260, 307, 343, 344, 364, 855, 
435, 684-689, 692 
Blattidae, 414 
Bleeding (see Hemophilia) 

Blight, 192, 806 
Blind spot, 636 


Blindness, 254, 850 
color, 640, 736, 736, 752 
night, 526, 752 
Blindworm, 455 

Blood, 56, 236-244, 554-571, 586, 593, 662, 
663-666, 820 
antibodies of, 565, 569 
clotting of, 237, 347, 477, 522, 567, 568, 
623 

corpuscles of, 28, 46, 237, 276, 337, 339, 
345, 666, 667, 571, 813, 862 
crystals in, 787 

functions of, 338, 339, 565-571 
hemoglobin in, 237, 337, 345, 565, 566, 
787 

nutrients of, 565 
plasma of, 237, 337, 565 
platelets in, 46, 565, 567, 568 
proteins of, 565 
salts in, 565, 594 
spindle cells of, 237 
volume of, 594 

(For all blood subjects, see also under 
individual animals) 

Blood capillaries, 237, 242, 244, 248, 637, 
660-663, 575, 58(1 
Blood groui>s, 569, 570 
Blood pressure, 563, 595, 023 
Blood serum, 570, 786 
Blood sinuses, 380, 381 
Blood tests, 78() 

Blood transfusion, 560, 570 
Blood vessels, 235, 238-240, 248, 251, 253, 
276, 669, 612, 613, 661, 665, 6()6, 694 
Blue-green algae, 76, 77, 181, 182, 186 
Boa constrictor, 474, 476 
Bobwhite, 89, 843 
Bodo, 270 

Body, cells of, 42, 268, 701, 798 
fluids in, 38. 248, 334, 339, 522 
heat of, 479, 488, 504, 551, 662, 666 
Body cavity, 232, 247, 296, 297, 324, 334, 
360, 434, 503, 504, 680, 691 
Body mechanics, 654 
Body plan, 294, 310, 334, 336, 336, 349 
Bog, 204, 534 
Boll, cotton, 98, 808 
Boll weevil, 416, 416, 825 
Bolus, 644 
Bombyx, 822 
BoneUia, 331 
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Bones, 45, 227-229, 522, 623, C41-G57 
broken, 656, 657 
canals of, 646 
cartilage, 227, 647 
of children, 656 
deformities of, 666, 657 
grafting of, 674, 675 
hollow, 50, 479 
joints of, 646, 647 
marrow in, 237, 504, 591, 646, 646 
membrane, 647 
periosteum of, 610, 646 
types of, 645-646 

(See also individual vertebrate animals) 
Bony fish, 436, 446—152 
plates, 470 
Book gills, 421, 422 
Book lice, 414, 416 
Book lungs, 424 
lioophiluSy 427 
Borers, 826 
Boron, 62, 522 
BOSy 511 

Botany, 3, 4, 97-222, 859. 864 
Botulism, 190, 849 
Bourh'tuilay 412 
Bowfin, 447 
Bowlegs, 666, 657 

Bowman’s capsule, 247, 248, 590, 693 
Brachial artery, 238, 239, 669 
Brachial plexus, 253 
Brachial vessels, 381 
Brachiopoda, 82, 83, 92, 327 
Brachioradialis, 668 
Bracts, 170, 220 

Brain, 227, 249 -252, 262, 313, 314, 336, 340, 
380, 383, 397, 400, 432, 434, 441. 466, 
486, 488, 602, 504, 697, 601, 603-609 
areas of, 606, 606 
cavities in, 260, 251, 252, 609 
development of, 249, 260, 603, 604, 687, 
691 

fissures of, 605, 606, 608 
flexures of, 600 

functions of, 250, 251, 606, 607, 637, 638 

lobes of, 260, 604-606, 608 

membranes of, 250, 610 

sulci of, 606 

tracts of, 606, 606 

ventricles of, 250, 251, 609 

(See also individual and groups of 
animals) 


Brain centers, 250, 251, 568, 579, 606, 606, 
638, 642, 666 

Branchia. 351, 352, 353, 354 
Branchial arches, 439, 441, 461, 650 
Branchial arteries, 434, 439, 440, 441 
Branchial veins, 363 
Branchiocardiac canals, 381 
Branchiopoda, 92, 326, 327, 386 
Branchiostegite, 374, 375 
Branehiostoway 433, 435 
Bread mold (sec Ithizopus) 

Breadraaking, 193, 194 
Breast, 481 

Breast bone, 486, 489, 495, 651, 652 
Breathing, 245, 246, 251, 460, 461, 464, 467, 
504, 574, 628, 632, 633, 662, 663 
mechanism of, 246, 579, 680-585 
Breeding, animal, 745-747, 786 
Breeding habiLs, 449, 452, 459, 460, 775 
plant, 711, 786 

Breeding season, 315, 435, 456, 493, 598, 678 
Bridges, 733, 734 
Bright’s disease, 595 
Bristles, 333, 345, 347, 376, 503 
Bristletails, 412, 413 
Brittle star, 84, 86, 350, 366, 357 
Bronchi, 487, 488, 677, 678, 584 
Bronchial tube, 678 
Bronchioles, 487, 578 
Bronchitis, 584, 585 
Brontosaurusy 464, 790 
Brood pouch, of fish, 450, 451, 774 
of kangaroo, 509 
of opossum, 608, 509, 775 
Brown, Robert, 864 
Brown alga, 76, 77, 180, 186 
Brown spot, 226, 251 
Brown-tailed moth, 826 
Brownian movement, 27, 39, 

Brussels sprouts, 216 

Bryophyllum, 101, 149, 674 

Bryophytes, 76, 97, 200-204, 207, 806 

Bryozoa, 82, 83, 92, 326 

Bubonic plague, 419, 806, 826, 848 

Buccal cavity, 341 

Buccal cirri, 432 

Buccal pouch, 334 

Bticcinum, 366 

Bucliner, 24 

Buckthorn, 811 

Bud scales, 119, 149 

Bud scars, 118, 119 
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Budding, in animals, 294, 295,296,300, 301, 
806, 309, 311, 672, 674 
in plants, 117, 118, 193, 672 
Buds, 44, 117, 118, 124, 126, 128, 129, 131, 
152, 158, 193, 200, 202, 291, 295, 300, 
672, 705 

Buffalo, 53, 511, 839 
Buffalo bur, 217 
Buffon, 796, 865 
Bufo, 456, 458 
Bugs, 403, 415, 416 
chinch, 825 
kissing, 416, 826 
stink, 415 

{See also Hemipterii) 

Bugulot 82, 326 

Bulb, 126, 127, 674 

Bullfrog, 226, 456, 458, 459, 702 

Bumblebee, 59, 411 

Burdock, 218 

Bursa copulairix, 397 

Busycony 366 

Butter, 520, 525, 527, 806 
Buttercup, 216 

Butterflies, 87, 395, 403, 417, 418, 772, 826 
Buttons, 367, 371, 820 

C 

.Cabbage, 216, 747, 873 
Cabbage butterfly, 417, 826 
Cabbage worm, 826 
Cactus, 49, 125, 148 
Caddis fly, 415, 417 
Caddis worm, 417 

Caeca, 351-354, 397, 398, 424, 486, 487, 
533 

Cacceliay 88, 89, 454, 466, 459 
Caecum, 544 
Caffein, 551 
Calamites, 205 
Calcar, 228, 229 
Calcarea, 80, 81, 290, 291-293 
Calciferol, 527 
Calciferous glands, 336, 535 
Calcium, 22, 62,174, 286, 522-524, 541, 550, 
568, 623, 644, 645, 657 
Calcium arsenate, 825 
Calcium metabolism, 623 
Calf embryo, 626, 627, 783 
CallinecteSy 387 
CaUorkinuSt 506 


Calorie, 529, 549 
Calyptra, 203 
Calyx. 160, 161, 162, 219 
Cambarus {see Crayfish) 

Cambium, 107, 119, 121, 123, 674 
Cambrian epoch, 374, 788, 789 
Camel cricket, 412 
Camel, 90, 511, 762, 763, 830 
Cameo, 371, 372, 820 
Camerarius, 711 
Camphor, 811 
Canal, 278, 352 
system, 290, 589 
Cancer, 387, 551, 552 
Cancer (C.rab), 387 
Candytuft, 216 

Cane sugar, 219, 272, 543, 809 
Canidae. 72, 75, 511 
Caninac, 72, 75 

Canine, 503, 504, 509, 510, 536, 760 
CaJiisy 71, 72, 75 

(-apillarics, 237-244, 248, 338, 345. 346, 434, 
441, 637, 660-663, 575, 586, 666, 694 
lymph, 663 
of placenta, 694 
Caprimulgiformes, 499 
Capsicum, 217, 812 
Capsule, auditory, 227, 256, 442, 647 
Bowman's, 247, 248, 590, 593 
eye (optic), 256, 647 
fruit, 169 
of moss, 203 
olfactory, 227, 255 
seed. 169, 172 
stinging, 296 
Capuchin, 512 
Carapace, 374, 468 

Carbohydrates, 8, 23, 42, 62, 124, 140-144, 
151, 153, 156, 337, 519-521, 531, 532, 
535, 538, 543, 546-550, 562, 591 
Carbon, 23, 151, 519, 520 
Carbon atom, 16, 549 
Carbon cycle in nature, C2, 63, 64 
('arbon dioxide, 54, 62, 65, 110, 140, 143, 
144, 145, 152, 156, 157, 174, 519, 548, 
589, 591, 662 
and respiration, 573-586 
• *{See also under individual plants and 
animals) 

Carbonic acid, 587 

Carboniferous epoch, 204, 205, 461, 4V3, 
788,759 
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Carboxyl radical, 520 
Carcharodon, 444 
Carchesiunit 286, 286 

Cardiac division of stomach, 351, 376, 380 
Cardiac muscle, 46, 231, 234. 657, 661 
Cardiac vein, 240, 241 
Cardinal, 89, 493, 773 
Cardinal arteries, 440 
(Cardinal veins, 440 
Care, parental, 493, 695-697 
Carinatae, 480, 495 
Carnassial teeth, 510 
Carnivora, 72, 73, 75, 510 
C/arnivorous animals, 486, 510, 511, 535- 
537, 760, 831 

Carnivorous plants, 164, 534 
Carolla, 161, 162 
Carotene, 525 

Carotid arch, 238, 239, 242, 243, 244 
( arotid artery, 238, 239, 439, 440, 669 
(.Carotid gland, 238, 239, 240, 242, 243 
Carp, 445 

Carpals, 161, 162, 228, 229, 647, 649, 661, 
655 

Carpellate cone of pine, 210-213 
Carpels, 161, 162, 216 
Carpocapsa, 417 
Carpometacarpus, 490 
Carponietatarsal, 649 
Carpus, 490 

Carrot, 125, 169, 217, 340, 525 
Cartilage, 46, 227, 487, 583, 684, 645, 655 
costal, 648 
disks of, 648, 658 
Cartilage bones, 647 
Cartilaginous arches, 650 
Caruncle, 176 
Cascara, 810 
Casein, 543 
Cassowary, 495 
Castes. 414, 776 
Castle, 713 
Castor^ 607 

Castor bean, 176, 682 
seedling of, 176 
Castor-oil seed, 532 
Casuariiformes, 495 

Cat, 502, 503, 508, 511, 533, 688, ^i97, 
604, 665, 673, 680, 695, 760, 764, 830, 
831 

wild, 831 

CaUlyst, 24, 153, 531 


Cataract, 640, 746, 752, 850 
Catarhini, 514 

Caterpillar. 403, 411, 419, 775, 824-826 
tent, 826 
Catfish, 448, 629 
Catkin, 166, 218 
Catnip, 217 
Catocala, 769 
Cattail family, 221 
Cattle, 510, 511, 695, 740, 830, 857 
Caucasian races, 801 
Caudal artery, 440, 441 
Caudal fin, 433, 438, 445, 447 
diphycereal, 447 
heterocercal, 438, 447 
homoccrcal, 447 
Caudal vein, 440, 441, 691 
Caudal vertebrae, 647 
Caudata, 88, 89, 455 
(-ave life, 768 
Caviar, 452, 828 
( avity, body (see Bodycavity) 
brain, 608, 609 
gastral, 293 
Cebiae, 512 
Celery, 217 

Cell, 8, 29-43, 662, 664 
animal, 32 
body, 33, 42 

blood (see Blood corpuscle) 
cork, 30, 31 
differentiation of, 44 
discovery of, 30, 31 

division of, 31-38, 45, 104, 105, 157, 182, 
183 

egg, 167, 304, 701 

epidermal, 665 

epithelial, 236, 248 

flame, 314, 318, 327, 332, 589 

germ, 42, 46, 268, 309, 701-710, 868 

gland, 638 

goblet, 236 

guard, 132, 133 

interstitial, 626 

Kttpfer, 591 

megaspore mother, 706 

membrane of, 585 

microspore mother, 706 

nerve, 46, 601, 602 

nucleus of, 32, 34, 35, 42 

plant, 32 

reproductive (see Eggs; Sperm) 
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Cell, resting, 182, 675 
sap of, in vacuoles, 34, 42 
sensory, 340, 642, 690 
somatic, 42, 868 
sperm, 167, 304, 701, 704 
stinging, 296, 300, 303, 304, 306, 308, 310 
structure of, 31-43 

surfaces of, 267, 271, 275, 576, 688 , 589, 
595 

of tissues, 46, 663 
walls, 32, 33. 41, 182, 189 

{See also various tissues and organs) 
Cell theory, 31, 867 
Cellulose, of plants, 23, 134, 529, 808 
of sea squirts, 431 
Cenozoic era, 503, 787 
Centers, auditory, 606, 642 
brain, 608 
of equilibrium, 642 
heat-regulating, 666 
reflex, 608, 610 
respiratory, 579 
salivary, 632 
visual, 606, 638 
vital, 251, 254 

Centipede, 86, 87, 92, 373, 389, 390, 391 
Central nervous system (see Nervous sys¬ 
tem) 

Centriole, 32, 33, 37, 38, 41 
C^.entrolecithal, 683 
Centrosome, 32 
Centrosphere, 33, 41 
Cephalic flexure, 609 
Cephalin, 568 

Cephalization, 349, 428, 611 
Cephalochorda, 86, 87, 92, 431, 433, 436 
Cephalodiscus, 431 
Cephalon, 249 

Cephalopoda, 84, 86, 92, 361, 368, 369, 370, 
788 

eye of, 630 

Cephalothorax, 374, 387, 422, 423 
Cerambycidae, 416 
Cercaria, 316, 317 
Cercopithecidae, 514 
Cere, 481 
Cereals, 173, 807 

Cerebellum, 260, 251, 254, 441, 486, 489, 
504, 697, 602, 604, 607, 608, 612 
(See also individual animals and groups 
of animals) 

Cerebral arteries, 238 


Cerebral commisures, 363 
Cerebral cortex, 466, 504, 605 
Cerebral ganglia, 336, 340, 341, 397 
Cerebral hemispheres, 260, 604, 606 
Cerebral peduncles, 608 
Cerebraitilus^ 312 
Cerebropleural ganglion, 362, 363 
Cerebrospinal fluid, 609, 610 
Cerebrum, 250, 262, 441, 448, 486, 488, 504, 
697, 604, 606, 607, 608, 609, 613, 616, 
616, 642 

effects of removal of, 254 
functions of, 606 
lobes of, 608 

(See also individual animals) 

Cervical groove, 374 

Cervical flexure, 609 

Cervical vertebrae, 489, 653 

Cervix, 680, 681 

Cervus, 511 

Cestoda, 80, 312, 317 

Cetacea, 90, 512, 665 

Chaetognatha, 321, 329 

Chaetopoda, 331 

ChaelopteruSy 331, 348 

Chagas* disease, 416, 815, 816, 826 

Chalaza, 490 

Chalk, formation of, 286 

Chameleon, 467, 472, 770 

Charadriifonnes, 496 

Chaulmoogra, 810 

Cheese, 190, 192, 806 

Chelicerae, 421, 423, 424 

Cheiiped, 374, 376, 378, 384 

Chelonia, 88, 89, 467 

Chelydray 469 

Chemical coordination, 441, 618-627 
Chemicals, 22, 52, 272, 283, 284, 285, 306, 
596, 600, 836, 846 
response to, 364 
Chemotropism, 596, 600 
Cherry, ovary of, 162 
wild, 216 

Chestnut, 170, 218 

Chiasma, optic, 260, 251, 608, 611, 642 
Chiasmata, 727 

Chick, development of, 491, 492, 603, 694, 
783, 863 

Chicken lice, 414, 415 
Chicken, 488, 486. 492, 508, 702, 742, 814, 
817, 827, 829, 831 
chromosome number in, 702 
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“ Chiggers,” 827 
Chigoe, 826 
Chilean frog, 460 
Chill. 667 

ChUodoneUa, 266, 286, 286, 703 
Chilomonas, 271 
Chilopoda, 86, 87, 373, 390 
C^himpanzce, 91, 513, 514 
China wax insect, 416 
Chipmunk, 606 
Chiromyidae, 512 
Chiroptera, 90, 510 
Chitin, 373, 394, 395, 402, 644 
Chiton, 84, 86, 360, 305, 366 
Chlamydomonas, 328, 672 
Chloragogue cells, 336 
Chlorella, 54, 297 
Chlorine, 522, 524 
Chloroform, 852 

Chlorophyceae, 76, 180, 183-185 
Chlorophyll, 32, 133, 140-143, 182, 183, 
191, 519, 522 

Chloroplasts, 33, 42, 133, 134, 183, 267 
Chocolate, 809, 810 
Cholera, Asiatic, 823, 849, 865 
bacteria of, 187, 849, 865 
Cholesterol, 528 
Cholocpus, 764 

Chordata, 73, 75, 86, 87, 88, 89, 92, 687 
lower, 430-435 

Chorion, 466, 492, 686, 687, 692, 693, 694 

Chorionic cavity, 687 

Choroid coat, 255, 636 

Choroid plexus, 251, 610 

Chorus frog, 458 

Chromatid, 727 

Chromatin, 32, 35, 42 

Chromatophore, 449 

Chromoplast, 33, 42 

Chromosomes, 35-38, 208, 222, 701-745, 
868 

assortment of, 43, 703, 715, 716 
behavior in meiosis, 42, 43, 702-710, 
714-741 

{See also Meiosis) 
combinations, 716 
gonial, 714 

homologous, 703, 706, 715 
of hybrids, 719-734, 742*-750 
of man. 716, 739 
maps of, 727, 728 

numbers of, 85, 42, 212, 702, 704-700 


Chromosomes, salivary gland, 714 
sex. 732-739 
structure of, 714 
Chromotropism, 596 
Chrysalis, 403 
Chrysanthemum, 218 
Chryseviys, 469 
Chrysomelidae, 416 
Chrysopa, 413, 414 
Chyle, 245, 563 
Chyme, 543 
Cicada, 416, 416 
Cicindelidae, 417 
Ciconiiformes, 496 

Cilia, 23, 247, 258, 277, 278, 286, 293, 308, 
327, 340, 342, 353, 364, 434, 443, 582 
("iliary muscle, 636, 636, 637 
Ciliata, 80, 81, 266, 277, 286 
Ciliates, 80, 81, 266-286, 814 
Cimex, 415, 416 
Cinchona, 810 
(’innamon, 812 
Cinquefoil, 216 
Cion, 674 
(U'ona, 432, 433 

Circular muscles, 542, 660, 661 
Circulation, 243-244, 278, 554-571, 663, 864 
by cyclosis, 280, 554 
in man, 558-563 
in Metazoa, 556-563 
in plants, 120-124, 128, 144-147, 162, 
554, 555 

portal, 241, 562, 563 
pulmonary, 241, 242, 561 
by streaming, 271, 554 
systemic, 240-244, 558, 669-561 

{See also individual plants and animals) 
Circulatory systems, 261, 461, 466, 554-571 
closed, 237-244, 337, 338, 349, 373, 466, 
554, 557 

disorders of, 570, 571 
functions of, 382 

open, 373, 380-382, 397, 399, 554-557 
{See also individual plants and animals) 
Circumesophageal connectives, 383, 397, 
400 

Circumpharyngeal 'eonnectives, 340, 341, 
347, 397, 400 
Cirripedia, 386, 387 
Cirri, 286, 345, 346, 435 
Cladius isomerus, 419 
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Clams, 84, 85, 92, S5S, 356, 360, 361, 371, 
862 

Claspers, 438, 443, 450 
Clasping reflex, 257 
Classes, 70, 73, 75 

Classification, 4, 46, 50, 57, 67-92, 265, 290, 
321, 373, 430, 480, 495, 508, 863 
as evidence of evolution, 780, 781 
of tissues, 46 

Clavicle, 229, 489, 648, 661, 653, 654 
Claws, 387. 390, 406, 414, 424, 464, 483, 
496, 509, 663, 764, 826 
(Cleavage, 259, 260, 299, 364, 355, 435, 692, 
704, 706 

cavity, 259, 260, 684 
discoidal, 259, 683, 684 
holoblastic, 259, 260, 364, 504, 683, 684, 
688, 689 

meroblaslic, 259, 683, 684, 691 
superficial, 403, 683, 684 
tjTpes, 259, 683, 684 
Cleistogamous, 162 
Clematis, 163, 169, 216 
Climax group, 512 
Clitcllum, 332, 333 

Cloaca, 233, 234, 236, 247, 258, 327, 328, 
362, 438, 439, 443, 466-488, 491, 688, 
590, 673, 680 
Clostridium, 849 
Clothes moth, 417, 823, 824 
Clotting, of blood, 28, 237, 238, 477, 550, 
567 

of lymph, 244 
prevention of, 347 

Clover. 59,132, 217, 807, 821, 823, 824 
Club fungi, 181, 194-196 
Club moss, 78,79, 97, 203, 205, 806 
Clubfeet, 666, 657 
Clypeus, 406 

C,^oagulation (see Clotting of blood) 

Coal, 205, 208, 209, 807, 834 
C'locaine, 631, 852 
C^occidae, 778 
C:occidia, 80, 266, 274, 814 
CoccidiosLs, 814 
Coccus, 187, 188 
Coccyx, 661, 653, 654 
Cochineal insect, 394, 416, 821 
Cochlea, 489, 640, 641, 642 
Cocklebur, 172, 218 
Cockroach, 413, 414, 823 
Cocoa, 651, 810 


Coconut, 173 
palm, 117 

Cocoon, 342, 343, 410, 425, 450, 460, 688, 
822 

Cocos, 117 

Cod-liver oil, 452, 525, 527, 657, 828 
Codeine, 810 

Codfish, 86. 452, 527, 671, 828 
Codling moth, 417, 826 
C oelenterata, 80, 81, 92, 294-311, 314, 534, 
589, 595, 685, 817 
Coeliac artery, 239, 440, 441, 669 
Coeliaco-mesenteric artery, 238, 239 
Coelom, 232, 247, 261, 331, 334, 836, 844, 
345, 347, 349, 351, 354, 373, 431, 443, 
503, 590, 685, 689, 690 
Coelomic fluid, 351, 353, 354, 535 
Coenogenic, 782 
Coenosarc, 301 
Coenozoic, 503 
Coffea, 809, 810 
Coffee, 528, 551, 809, 810 
Cold, common, 847 

receptors, for, 257, 628, 631, 632, 665, 666 
Cold-blooded animals, 568, 666 
Coleoptera, 416, 416 
Coleys, 286, 286 
Coleus, 141, 142 
Colinus virginianus, 68, 848 
Collar cell, 291, 293 
Collarbone, 648, 661, 653, 654 
Collecting tubules, 247, 248, 592, 693 
Collembola, 412 
Collenchyma, 44 
Colloidal state, 25-27, 550 
Colloids, 26-28, 40 
Colon, 897, 439, 639, 544, 662 
Colonial fiageliates, 268, 270, 282, 293 
Color, 485, 486, 596, 637, 769 
Color blindness, 640, 736, 736, 752 
Coloration, 449, 768, 865 
alluring, 771 
conspicuous, 473, 507 
protective, 446, 449, 486, 768-774 
seasonal, 507, 770 
sexual, 450, 486, 773 
temporary, 446, 770, 771 
warning, 771, 773 

(See also animal groups) 

Coluber, 475 
Columbia livia, 786, 786 
Columbiformes, 496 
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Columbine, 216, 216 
Columella, 266, 462, 630 
Column, vertebral (see Spinal column) 
Columnar branching, 117 
Colymbiformes, 495 
Comb jellies, 82, 83, 311 
Combs, of birds, 486, 741, 742 
of Ctenophores, 311 
Commensalism, 64, 55, 304, 311, 320 
(Common bile duct, 236 
Common cardinal veins (see Cardinal veims) 
Common iliac arteries (see Iliac arteries) 
Common iliac veins (see Iliac veins) 
Communal life, 774, 776, 777, 778 
Communities, 47, 61, 56, 57, 59, 411, 412, 
871, 872 

Comparative anatomy, as evidence of evolu- 
tion, 781, 799, 860 
C^.ompetition, 52, 756 
Compositae, 218, 220 
Composition of foods, 520-530 
Compound eyes (see Eyes) 

Compounds, 17, 18 
inorganic, 22, 23, 62, 63, 65 
organic, 23, 62, 65 
Conch, 365-367 
Conditioned reflex (see Reflex) 

Conduction, 152, 610 
Conductor, 253, 283, 340, 601-617 
Condyles, 227, 464, 466, 503, 504, 647 
Cones, carpellate, 210-213 
of retina, 635, 638 
staminatc, 210-213 
Coney, 90, 512 
Congo eel, 456 
Coniferales, 210-213 

Conifers, 78, 79, 117, 123, 205, 210-213, 787 
Conjugation, in Paramecia, 280-283, 672, 
676 

in plants, 183, 184, 192, 672, 676 
Conjunctiva, 635 

Connective tissue, 46, 660, 661, 665 
Conservation, agencies for, 845, 846 
of man, 846-854 
of natural resources, 2, 834-846 
Contact, 285, 600 
response to, 112, 124, 257 
Continuity of life, 701 
Continuous phase, 26 
Contractile vacuole (see Vacuole) 

Conuib arteriosus, 238, 242, 243, 439, 440 
ConvaUana, SQl 


Convergence, 759 • 

Convolutions, 605 
Cooper’s hawk, 496, 498, 829 
Coordination, chemical, 441 
muscular, 489 

nervous, 249, 254^ 382, 400, 441, 488, 
596-627 

(See also individual plants and animals) 
(Coordination, center, 601 
Coot, 483 

“Cootie,” 416, 416, 812, 848 
Copepods, 386 

Copper, 182, 270, 524, 813, 836 
Copperhead, 475, 829 
Copulation, 342, 443 

Copulatory organs, 409, 491, 424, 673, 680 
Coraci if or rn es, 499 
(^oraooid bone, 249, 484, 490 
Coral, 80, 81, 294, 307, 309, 310, 628, 788, 
817 

Coral snake, 476, 771 
Cords, vocal, 583, 684 
Coriurn, 256, 664 

Cork, 103, 121, 138, 809, 812, 813 
Cork cells, 30, 31 
Hooke’s illustrations of, 30 
Corm, 126 
Cormorant, 496, 830 

Corn, 102, 111, 113, 122, 219, 549, 550, 
776, 776, 786, 807, 821, 824, 825 
chromosomes of, 702 
ear of, 163 

fertilization of, 163, 677, 678 
flowers of, 163 
plant of, 62, 63 
products from, 807 
roots of, 112, 113 

seed or grain of, 163, 177, 178, 214, 508 
seedling of, 177, 600 
Corn borer, 825 
Corn worm, 826 
Cornea, 634, 636, 636, 640 
Corolla, 161,162, 219 
Corpora bigemina, 604, 607 
Corpora quadrigemina, 607 
Corpus callosum, 504, 605, 606, 607, 608 
Corpus luteum, 624, 680 
Corpuscles, red blood, 32, 237, 337,504,565, 
666, 567, 576, 591, 672, 813 
renal, 247, 502, 693 
touch, 256, 664 
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Corpuscles, white blood, 237, 565, 666, 567, 

666 

(See also individual animals) 

Correns, 718 
Corrodentia, 414, 416 
Cortex, of adrenals, 025 
of brain. 504, 005, 007 
of kidneys, 692 
of roots, 100, 108, 109 
of stems, 120, 121, 122, 14S, 162 
Corymb, 160 
Cosmos, 142 
Cosmozoa theory, 13 
Cotton, boll of, 98 

fiber of, 98, 99, 109, 222, 786, 807,808,821 
plant of, 98, 99, 747, 808 
seed, 169, 172, 808 
wilt of, 712 

Cotton-boll weevil, 416, 410, 825 

Cotton-seed oil, 808 

C’otton mouth, 470 

Cottony cushion scale {sre Sc-ale) 

Cotyledons, 162,174,176,177,178, 214, 082 

Coughing, 582, 584, 847 

Courtship, 774 

Coverts, 481 

Cow, 90, 315, 319, 504, 528, 530, 700, 747, 
786 

gestation of, 695 
Cowbird, 492, 493 
Coxa, 396, 398, 404, 406, 424 
Coxal glands, 424 

(See also Glands) 

Coxopodite, 376, 382-385 
Coyote, 511, 831 

Crab, 73, 92, 373, 387, 388, 788, 821 
hermit. 54, 304, 311, 388 
Crab apple, 210 
Cranberry, 162, 170 
Crane, 496 
Cranial capacity, 799 
Cranial nerves, 251, 262, 253, 441, 611 
Craniata, 86, 431 
Cranium, 227, 662 
Crataegus t 216 

Crayfish, 86, 87,373-386,399, 402,428, 434, 
633, 557, 585, 688, 697, 601, 629, 630, 
644, 673, 678, 688, 697, 768, 824 
Creation, special, 780, 865 
Creeper, 499 
Cress, 216 

Cretaceous, 787, 793 


Cretin, 620, 621, 623, 753 
Cricket, 401, 412, 413, 629 
of Salt Lake, 495 

Crinoid, 84, 86, 350, 350. 368, 788 
Cristatella, 82, 326 

Crocodile. 88, 466, 467, 470-472, 477. 658, 
590, 786 
Crocus, 126 
Cro-Magnon, 800, 801 
Crop, of birds, 486, 633 
earthworms, 334, 336, 336, 535 
of grasshoppers, 397, 398 
(Voss pollination (see Pollination) 

(Vossbill, 482, 493 
( Vossing over, 726, 727, 729, 730 
Crossopterygian fish, 401 
Crotalus, 474-476 
Crow, 479, 486, 499, 598 
(Vown, 481 
(Vuciferae, 216 
( Vura cerebri, 251, 604, 607 
Crustacea, 73, 86, 87, 92, 373-392, 444, 450, 
783, 821 

CryptobranehuSt 456 
(Vypturiformes, 495 
(Vystalline style, 363 
Crystals, 34, 277 
Cristatella, 326 
CienocephabiSf 419 

CVenophore, 82, 83, 92, 310, 311, 589 
Cubs, 506 
Cuckoo, 493, 497 
Cuculihirmes, 497 
.Cucumber, 168 
sea, 367, 358, 821 
squirting, 169, 173 
Cvlex, 275, 276 
Cup fungi, 181, 192 
Cupule, 200, 201 
Curculionidae, 416 
Currents, 51, 596, 768 
Cuscuta, 166 
Cutaneous artery, 238 
Cutaneous senses, 628, 631 
Cutaneous veins, 441 
Cuticle, 147, 327, 333, 336, 389 
of plants, 132, 759 
Cutin, 133 
Cuttings, 99, 674 
Cuttlefish, 369, 820 ■ 

Cutworm, 825 
Cuvier, Georges, 860, 861 
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Cyanophyceae, 180, 181, 182 
Cycad, 78, 205, 211 
Cycadales, 211 
Cycas, 211, 787 
Cycles of elements, 61-65 
Cyclops, 386, 391, 819, 821 
Cyclosis, 279, 280, 554 
(>clostomes, 86, 87, 436. 438, 442, 455, 
590, 595 
Cygnet, 500 
C^yme, 160 
Cynodont, 503 

Cypress, 61, 103, 110, 212, 757 
Cypri'pedium, 842 
Cypris, 386 
Cystic ducts, 236 
Cysticercus, 318, 319 
Cysts. 268, 316, 318, 320, 849 
Cytology, 867, 868 
Cytopharynx, 266, 267, 278 
Cytoplasm, 8, 32, 33, 35, 41, 267, 602, 661, 
691, 716 

Cytoplasmic inheritance, 716 
Cytosome, 33 
Cytostome, 266, 267, 272 

D 

Daddy longlegs, 426 
Dahlia, 218 
roots of, 103 
Damsel fly, 413, 414 
Dandelion, root of, 103, 125, 169, 172 
seed of, 169 
Dandruflf. 664, 665 
Daphnia, 386, 675 

Darwin. Charles, 59, 343, 480, 780, 784, 796, 
797, 865, 866, 867 
Darwin, Erasmus, 865, 867 
Darwin family, 750 
Dasyatist 438 
Date palm, 711, 857 
Datura^ 169 
Davenport, 744 
Dead leaf butterfly, 772 
Deafness, 642, 746, 753 
“Death watches,’" 414 
Decay, 62, 63, 806 
Deciduous plants, 138, 139 
Deer, 90, 502, 509, 511, 598, 626, 760, 770, 
773, 774, 830, 845, 846 
Defecation, 545 


Deflciency diseases {aec Diseases) 

Dehiscent fruits, 168, 169 

Deletions, 741 

Deliquescent, 117 

Deltoid, 668 

Democritus, 858 

Demospongiae, 80, 81, 290, 292 

Dendrite, 602 

Dengue fever, 820, 848 

Denitrifying bacteria {see Bacteria) 

Denialiimu 84, 86, 361, 367 

Dentary bones, 468 

Dentine, 540 

Dentition, 503, 760 

Dependent plants, 156 

Dermacetdor, 427 

Dermal bone, 470 

Dermal branchiae, 351, 362, 363, 354 

Dermaptera, 416 

Dermis, 261, 664, 665, 685 

Dermochelys^ 469 

Dermoptera^ 90, 509 

Descent with change {sec Evolution) 

Desert, 49, 55 

life in, 758, 759, 763, 764, 769, 776, 830 
Deserts, artificial, 837 
Desmid, 182 

Development, 590, 625, 641, 682- 697 
of amphioxus, 684, 685 
of biology, 857-869 
of fish, 691, 692 
of frog, 259, 263, 679 
of mammals, 693-696 
of plants, 171, 174-178 
of sense organs, 641, 690 
of starfish, 364-356 
{See also Embryology) 

Devilfish, 360, 361, 368, 369, 370, 820 

Devirs-darning-needle, 413 

Devonian epoch, 451, 461, 788, 789 

Dextrin, 193, 532 

Dextrinase, 532 

Dextrose, 539, 626 

Diabetes, 589, 594, 626, 632, 667 

Diaphragm, 233, 602, 503, 577, 679, 680 

Diastase, 153, 177, 532 

Diastole, 243, 560 

Diatom. 76. 77, 180, 186 

Diatomaceae, 76, 186 

Dichotomous branching, 185 

Dicots, 120, 215 

Dicotyledoneae, 74, 130, 206, 214, 215 
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Dicotyledons, 75, 78, 79,162, 205, 211, 212, 
214, 215, 218 

Didclphys virginiana, 608, 509 
Didinium, 278 
Diecious {see Dioecious) 

Diencephalon, 249, 250, 251, 604, 606 
Diet, 521-529, 549-551, 760 
Difflugia, 266, 273, 644 
Diffusion, 39, 40, 108, 109, 144, 522, 534, 
535, 561, 578, 587, 589, 758 
Digestion, 234-237, 521, 532-552 
of carbohydrates, 532, 542, 543 
extracellular, 153, 155, 297, 534 
of fats, 532, 543, 545 
intracellular, 153, 155, 297, 534 
in large intestine, 544 
in plants, 153-156, 532-534 
of proteins, 532, 543, 544 
in small intestine, 236, 542, 543 
in stomach, 235, 542 
time required for, 545 

{See also individual animals and groups 
of animals) 

Digestive enzymes, 352, 362, 376, 434 
Digestive glands, 362, 376, 380, 424, 633, 
540 

Digestive juices, 271, 296, 309, 313,353,475, 
534 

Digestive systems, 46, 261, 466, 633-545, 
768 

{See also individual animals) 

Digitalis y 219, 810 

Digitigrade, 504, 660, 761 

Digits, 225, 229, 230, 470, 490, 649 

Dihybrids, 723, 724, 725 

Dill, 217 

Dimeirodo7iy 463 

Dimorphism, 329 

Dinolyryoriy 270, 813 

Dinosaurs, 464, 467, 479, 490, 787, 790, 791 

Dioecious (also diecious), 299, 809, 677 

Dionaea, 164 

Diphycercal, 447 

Diploblastic, 294, 685 

Diplococcus, 187, 188 

Diploid, 42, 208, 212, 222, 702, 707-710, 716 
Diplopoda, 86, 87, 373, 390, 391 
Dipnoi, 86, 437, 450 
Diptera, 404, 417, 418 
Diphtheria, 569, 847, 851 
toxins for, 569, 847 
Discoidal cleavage, 259 


Discorides, 859 
Diseases, 526-528, 847-852 

transmission of, 813-819, 826-828, 847- 
850 

Disk, intercalated, 661 
of starfish, 361, 353, 356 
Dispersal {see Seed dispersal) 

Dispersed phase, 26, 27 
Distal end, 294 

Distribution, 48-65, 494, 757, 759 
geographical, 784 
of spores, 208 
Divergence, 760 
Diverticulum, 434, 590 
Division, of cell, 36-38 
center of, 33 
direct, 35-38 
indirect, 36 

reduction, 42, 703-710, 718 
of labor, 208, 268, 287, 293, 310 
longitudinal, 268 
transverse, 280 
{See also Mitosis) 

Division, equation, 704, 706, 707 
Dobson fly, 414 
Doddery 113, 166 
Dodo, 499, 795 

Dogfish, 87, 437, 438, 489, 440- 443 
Dogs, 70, 71, 75, 502, 509-511, 535, 615-617, 
629, 632, 665, 695, 760, 781, 786, 817, 
827, 830, 848 
variet ies of, 746 
DolicJioglossuSy 431, 432 
Dolphins, 512 

Domesticated animals and plants, 496, 508, 
746, 785, 786, 830, 831 
Dominance, complete, 718, 719, 720 
incomplete, 721, 722 
modified by sex, 746 

Dorsal aorta, 238, 239, 434, 439, 440, 441, 
486 

Dorsal artery, 380, 381, 487 
Dorsal blood vessel, 334, 336, 336-838, 345, 
461 

Dorsal fin, 433, 438, 446, 451 

Dorsal nerve cord, 430, 431, 434 

Dorsal root of nerve, 264, 611, 612, 613 

Dough, 193, 194 

Douglas fir, 117 

Dove, 89, 493, 496 

Down, 492 

Downy mildew, 181 
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Dracunctdtts, 822, 819 
Dragon, flying, 473 
Dragonfly, 403, 418, 414 
Drill, oyster, 366, 867, 821 
Drone, 406, 409-411 

Drosophila, 714, 728-734, 780-741, 758, 
797, 869 

chromosomes of, 702, 714, 720-788 
maps, 728 
salivary, 714 
tumors of, 744 

Drugs, 219, 222, 668, 805, 810, 811, 852. 853 
Drupe, 168, 171 

Duck, 89, 482, 488, 491, 496, 598, 617, 680, 
829, 843, 845 
Duckbill, 90, 91, 508, 694 
Duckweed, 97, 102, 105, 125, 215 
Ductless glands (^see Endocrine glands) 
Ducts, of Cuvier, 69, 439, 441 
ejaculatory, 409 
tear, 684 

Wolffian, 443, 466, 590 
Dujardin, 21 

Duodenum, 234, 236, 439, 487, 589, 542- 
544, 662 

Dura mater, 250, 252, 610 
Dust storms, 888 
Dwarfs, achondroplastic, 623, 624 
cretins, 620, 621, 623 
pituitary, 623,624 
Dyad, 707, 709 

Dysentery, 288, 552, 814, 849, 851, 852 
Dytiscidae, 417 

E 

Eagle, 482, 488, 496 

Ear, 226, 255, 256, 261, 896, 442, 462, 470, 
489, 503, 616, 628, 649-642, 665, 690, 
762-764 
bones of, 652 
development of, 690, 691 
{See also individual animals) 

Eardrum, 398, 640 
Earshell, 367 

Earthworm, 60, 82, 88, 92, 331—344, 434, 
688, 535, 554, 557, 576, 585, 688, 697, 
601, 678, 674, 688, 819 
Earwig, 416 
Ecdysis, 373, 644 
Echidna, 665 
Echinarachniua, 357 


Echinocactus, 148 
Echinocardium, 357 

Echinoderm, 84, 86, 92, 350-359, 431, 821 
embryology of, 364, 856, 356 
Echinoidea, 84, 86, 350, 366, 357 
Echinopluteus, 356 
Echinorhynchus, 82, 321 
Ecology, 4, 48 

Economic importance, of animals, 813-832 
of plants, 805-813 

Ectoderm, 230, 261, 602, 684-688, 690 
(See also individual animals) 
Ectodermal derivatives, 261, 685 
Ectoplasm, 33, 277, 278 
Edentata, 90, 509 
Edwards family, 751, 753 
Eel, 445, 448, 679, 775, 776 
Effectors, 601, 612, 615, 628 
Efferent branchial arteries, 434, 461 
Efferent vessels, 248, 363 
Egestion, 271 

Egg, 46, 167, 184, 185, 201, 203, 210, 213, 
221, 249, 257-260, 262, 276, 354, 467, 
464, 466, 467, 671-680, 682-684,691, 
701, 704-709, 716, 720, 724-742, 774, 
824 

albumin in, 25, 490, 491 
dinosaur, 790 

fertilization of, 166, 167, 269, 276, 704, 
706, 708 

membranes of, 490, 491, 679 
nucleus of, 356 
shell of, 490, 491, 694 
yolk of, 259, 490, 525, 679, 680, 683, 687, 
688, 691-693, 703 

{See also indvidual plants and animals) 
Egret, 497, 500, 843 
Eijkman, 526 

Ejaculatory duct, 409, 680, 681 
Elasmobranchs, 86, 437-444, 647 
Elateridae, 416 
Electric charges, 15-19 
Electric currents, 285, 596 
Elefetric ray, 444 
Electrolytes, 18 
Electrons, 15 
Electropism, 596 
Elements, 16 
chemical, 22 

cycle of, in nature, 61, 62, 68, 65 
Elephant, 49, 90, 91, 508, 511, 670, 695, 763, 
830 
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Elephantiasis, 324, 819, 829 
Elephas, 511 
Elimination, 589, 595 
Elk, 506, 830 
Irish, 798 

Elm. 74, 117, 130,169 

Elmus, 117 
Elodea, 143, 554 
Elver, 775 

Embryo, animal, 262,323, 391,449,450,466, 
603, 609, 680, 686-697, 819 
plant, 99, 166, 175-178, 210, 213, 678, 
682 

(See also individual plants and animals) 
Embryo sac, 166, 706 

Embryology, 4, 31, 261, 299, 323, 343, 344, 
364, 366, 460, 683-696, 782, 863, 869 
evidences of evolution from, 782, 783,784, 
799 

( (See aim Development) 

Embryonic membranes, 465, 466, 492, 504, 
686, 687, 694 
Embryonic shield, 691 
Empedocles, 796, 858 
Emu, 495 

Emulsification of fats, 538, 543 
Enamel of teeth, 540 
origin of, 685 
Encyclopedists, 860 
Encystment, 268 
End organs, 256, 628 
Endamoeba, 288, 534, 552, 814, 849 
Endocrines, 262, 263, 441, 442, 618-627 
(Sec also Hormones) 

Endoderm, 260, 261, 293, 295, 296, 302, 303, 
307, 310, 312, 316, 319, 324, 343, 344, 
364, 402, 684-688, 690 
derivatives of, 261 
Endodermis, 106, 107, 120 
Endolymph, 256, 642 
Endolymphatic duct, 442, 690 
Endomixis, 282, 283 
Endoplasm, 33, 277 
Endopodite, 375-379 
Endoskeleton, 430, 442, 468, 474, 644 
Endosmosis (see Osmosis) 

Endosperm, 167,176-178, 213, 222, 678, 682 
Endosperm nucleus, 167, 222, 682, 705 
Endostyle, 432, 433, 436 
Energy, 19, 63, 140, 143, 156, 157, 176, 519, 
521, 522, 533, 548, 550, 573-575, 662 
Enterobius, 124, 176, 321 


Enteron, 308, 690 
Entoderm (see Endoderm) 

Entomologist, 394 
Entomology, 395 

Environment, 9, 48, 60, 255, 272, 666, 756, 
757 

and heredity, 740, 751, 753, 766, 865 
Enzymes, 23-25, 153, 157, 177, 189, 235- 
237, 337, 363, 531, 540, 541-548, 574, 
575, 591, 786 
EoanikropuSf 800 
Eocene, 787, 793, 794 
Eohippvs, 792, 793, 794 
Eosinophil, 566 
Epcira, 425 

Ephemoptera, 413, 414 
Ephyra, 307 
Epidermal cells, 665 
Epidermal scutes, 468 
Epidermis, 261 
human, 664, 665 
leaf, 133 

plant, 44, 103, 132, 148, 200 
root, 106, 108 
stem, 119, 120, 121, 152 
Epigastric arteries, 238, 239 
Epiglottis, 502 
Epigenesis, 863 
EpigneOy 842 
Epilepsy, 749, 753 
Epinephrine, 625 

(See also Adrenalin) 

Epipharynx, 406 
Epiphyte, 112, 113 
Epipodite, 375, 382 
Epistroplunis, 653 

Epithelium, 46, 235, 291, 345, 525, 633 

Epochs, 787-795 

Equation division (sec Meiosis) 

Equilibrium, 42, 256, 383, 442, 489, 607, 
628, 629, 631, 640 
(See also Ear) 

Equisetum, 78, 79, 205 
EquuSy 793, 794 

(See also Horses) * 

Eras, geologic, 787, 788 
Erepsin, 236, 543 
Ergosterol, 528 
Ericerus peloy 416 
Erosion, 836-841 
prevention of, 838-839 
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Erythrocytes, 237 

(See also Bed corpuscles) 

Eskimo, 550, 801 
Esophageal glands, 346 
Esophagus, 232-234, 246, 327,834, 386, 345, 
346,362,397, 398, 408, 439, 486,602, 
633, 636, 639, 540, 677 
(See also individual animals) 

Estivation or aestivation, 459, 875 

Estrone, 026 

Kther, 40, 852 

Bthiopian realm, 67, 874 

Etibranchipus^ 386 

EucaJia^ 449 

Eugenics, 751, 846 

Euglemi, 80, 81, 185, 266, 267, 268 

Euplecfelluy 292 

Kuplexopieray 416 

EuploUs, 80, 266, 283 

Eustachian lubes, 230, 232, 256, 462, 489, 
630, 640, 641 
Euthenics, 751 
Eutheria, 90, 504, 509 
Evans, 528 

Evening primrose, 740, 799 
Even-toed ungulates, 511 
Evergreens, 97, 123, 139, 140, 212 
Evolution, 780-781, 865-867 
evidences for, 780- 795 
of horses, 792-795 

theories as to mechanism of, 795-799 
Exconjugant (see Paramecium) 

Excretion, 42, 62, 244, 246-249, 268, 271, 
279, 293, 314, 339, 340, 346, 364, 366, 
382, 400, 423, 424, 427, 434, 521, 587, 
688-595, 686 
in plants, 147, 587 

(See also individual animals) 

Excretory duct, 314, 318, 327 
Excretory pore, 277, 278, 316, 589 
Excretory systems, 246-249, 261, 314, 316, 
389, 400, 409, 587-595, 685 
disorders of, 594, 595 
Excretory tube, 314, 318 
Kxcurrent branching, 117, 119 
Exercise, 663 

Exophthalmic goiter (see Goiter) 

Expiration, 245, 246, 579, 680-584 
Exopodite, 376-379 

Kxoskeleton, 850, 351, 373-374, 384, 394, 
395, 428. 437, 465. 468, 589, 644 
Extensor, 231, 660 


External carotid arteries, 238, 239 
External gills, 262, 455 
External iliac arteries, 669 
External iliac veins, 669 
External jugulars, 569 
External narcs, 226, 227, 437, 438, 481 
External oblique muscle, 669 
External r<‘spiration (see Bespiration) 
Extinct iminials, 358, 451, 499, 787-796, 
843 

Extinct plants, 787-795 
Extracellular digestion {see Digestion) 
Exninbrella, 3(»2 

Eye, 226, 262, 255, 261, 262, 525, 526, 6J3, 
628, 630- 631, 695, 752, 762, 763, 768, 
769, 850, 851 
}»rush, 404, 407 
eoinponnrl, 383, 101, 630, 631 
defects of, 631, 635, 639, 850 
devciopiiient of, 691 
iiiusoles of, 383, 412, 634, 636 
orbit of, 255 

simple, 250, 395, 101, 425, 630 
sockel of, 255, 448, 631 
vestigial, 469 

(For ail eye subjects, see also individual 
animals) 

Eyeball, 226, 255, 631, 636, 639 
Eyelash, 634, 636, 665, 762, 763 
Eyelid, 226, 255, 402, 470, 481, 488, 503. 
631, 634, 665, 781 

Eyespot, 266-268, 306, 353, 355, 630 
Eyeworm, 321 

F 

Fj (filial) generation, 719- 734 
Fabrizio, Hieronymus, 863 
Face bones, 652 

Facets, of eyes, 395, 396, 401, 404, 409, 630 
of vertebrae, 648 
Facial nerve, 253, 872 
Factors affecting'gn>vvth, 158 
biologi(*al, 52 
environmental, 48 
hereditary (^see Genes) 

Fagaceae, 218 
Fagales, 74 
Falconiformes, 496 
Fallopian tube, 680, 681, 694 
Family. 71, 72, 75 
Fangs, 473, 476 
Farsight (see Eye) 
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Fascia, 231, 659 
Fascicle, 108 
Fasciculi, 658 
Fasciola, 315-317 

Fat. 23, 24, 141,151, 153, 236, 244. 337, 448, 
450, 519-522, 531, 532, 543-550, 622, 
664, 665, 76S 

body, 230, 233, 248, 553, 673 
buttepf 520, 527, 806 
emulsificat ion of, 538, 543 
functions of, 548 

metabolism of, 153, 520, 532, 543, 625 
olein, 520 
oleomargarine, 521 
Fatigue, 662 

Fatty acids, 1.53, 23(), 532, 535, 543 
Feather star, 358 
Feather tracts, 484, 486 
Feathers, 67, 414, 479, 481, 481. 486, 6<>3, 
830. 843 

contour, 484, 486 
down, 484, 486, $30 
filopluinc, 486 
flight, 479, 484 
shaft, of, 484, 486 
tail, 484 

tracts of, 48'!', 486 
vane of, 484, 486 
wing, 484, 486 

Feces, 2:16, 216, 544, 545, 666 
Feeble-minded, 749, 852 
Feel, adaptations of, 483, 484, 492, 504, 
660, 761, 762, 781, 793, 795 
arches of, 661, 655, 657 
deformit ies of, 666, 657 
Feigning of death, 776, 777 
Felidae, 72, 511 

h’emale gametophyte {see Gametophyte) 
Female hormone {see ITormoiies) 

Female reproductive organs (see Heprodue- 
' tiou) 

Femoral arteries, 238, 230, 669 
Femoral veins, 238, 240, 669 
Femur, 228, 396, 398, 404, 406, 424, 490, 
647, 649, 661, 655, 782 
Fenestra ovalis, 256, 641, 642 
Fenestra rotunda, 641 
Fermentation. 156, 192, 193, 194, 852, 865 
Fern. 78, 79, 97. 205-208, 213, 222, 554, 
672, 807 

life cycle of, 206, 207 

role in coal formation, 208, 789 


Fern, walking, 148, 206 
Ferret, 598 

Fertilization, 259, 276, 280, 281, 282, 807, 
309, 342, 347, 855, 364, 491, 466, 671- 
680, 701-710, 864 
membranes, 259 

in plants, 164-167, 184-186, 192, 203, 
208, 210-213, 071-678, 706 
(♦Sec also individual plants and animals) 
Fetal blood, 095 
Fetal pig, 503 
Fetus, 695 
Fever, 667 

dengue, 826, 848 

malaria, 274-277. 826, 829, 848, 865 
relapsing, 427 

Hooky mountain spotted, 427, 827. 848 
Texas ealtle, 427, 813, 814, 827 
typhoid, 187, 806, 847-849 
typhus, 806, 827, 848 
yellow, 826, 848 
Fibrils, muscle, 658, 661 
Fibrin, 568 
Fibrinogen, 237, 568 

Fibrovascular bundle. 119-123, 134, 139, 
215 

Fibula, 490, 647, 649-661, 655, 762 
Fibulare, 228, 229 
Fiddler crab, 388 
Fig, 171, 809 
Fig insect, 419, 823 
Figwort, 218 
Filament, flower, 161 
gastric, 306, 309 
protoplasmic, 38 
Filaria, 322, 324, 819, 848 
Filarisis, 848 

Filicineae, 78, 79, 205, 206-209 
Filoplume, 485 

Filterable virus, 18, 584, 848-850 
Fingerprints, 664 
Fingers, 457, 479, 655, 706 
Fins, 432, 433, 435, 437, 438, 442, 444, 445, 
447, 452, 455 

(jScc also Amphioxus; Fish) 

Fir, Douglas, 74, 117 
Firefly. 417 

Fish, 52, 61, 73, 86, 246, 436-452. 460, 461, 
557, 576, 585. 688, 590. 697, 598, 607, 
631, 648, 651, 666, 678, 784, 828, 834 
adaptations of, 766, 774 
armored, 461 
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Fish, age of, 788, 789 
ciliate disease of, 814 
deep-sea, 450, 461, 452, 768 
development of, 691, 692, 783 
food, 828 
fossil, 451 
game, 828 
migrations of, 775 
products from, 452, 828, 829 
rise of, 787 
roe, 452 
scrap, 444, 452 

{See also individual fish) 

Fission, 311, 315, 671 
plants, 187 
Fissipedia, 26, 510 
Fissure of Rolando, 606 
of Sylvius, 606 

Flagella, 184, 188, 266, 267, 269, 287, 296, 
364, 556 

Flagellated cells, 296, 297, 634 
Flagellates, 80, 81, 266- 270 
in termites. 287, 28% 813 
Flame cell, 314, 318, 327, 332, 688, 589 
Flamingo, 496, 500 

Flatworm, 81, 83, 312-318, 321, 535, 556, 
589, 635, 817 
regeneration of, 316 
Flax, family of, 808 
fiber of, 190, 806, 808 
flower of, 160,161 
ovary of, 162' 
retting of, 190, 806 
seed of, 808 

Flea, 53, 412, 418, 419, 806, 826, 827, 848 
Fleshy fruits, 168, 170 
Flexor muscle, 231, 660 
Flexures, 609 

Flight, 479, 480, 484, 488, 765, 766 
Flipper, of sea turtles, 469 
of whales, 512, 649, 781 
Flora, age of marine, 788 
land, 787, 788 
seed, 788 
Floral organs, 161 
parts, 161, 162, 170, 214 
Flounder, 445, 446, 449, 769, 828 
Flower, 98, 99, 159-167, 214, 673, 768 
aerial, 166 
analysis of, 161 
apetalous, 163 
deistogamous, 166 


Flower, cluster, 159, 160, 219 
complete and incomplete, 163 
disk, 220 

fertilization in, 167 
odors of, 161 

perfect and imperfect, 163 
pistillate, 677 
ray, 220 

staminate, 163, 677 
wild, conservation of, 839, 842 
Flowering plants, 78, 210-222 
Fluid, body, 248, 334, 339 
cerebrospinal, 610 
coelomic, 351, 353, 354, 535 
synovial, 646 
Fluke, 82, 92, 817 
liver, 315, 316, 317, 320, 817 
Fly, 1, 10, 189, 417, 756, 822 
bol, 417 
gall, 419 

Hessian, 417, 826 
horse, 73, 417 
house, 404, 418, 823 
Mediterranean fruit, 826 
saw, 419 
screww’orni, 417 
tsetse, 418, 826 
Flying dragon, 473 
Flying fish, 765 
Flying reptiles, 463, 766 
Foetal pig {see Fetal) 

Foetus {sec Fetus) 

Fol, 671 

Foliage leaves {see Leaves) 

Follicle, 624, 680 
hair, 664, 665 
plant, 108 

Food, 38, 52, 57, 59, 99, 124, 152, 155, 193, 
222, 267, 271, 272, 278, 279, 306, 519- 
537, 757 

absorbed, fate of, 546-550 
accessory, 522, 528, 550, 551 
adulteration of, 529, 530 
composition of, 530, 873 
contamination of, 849 
of plants, 99, 113, 140 
preparation of, 529 

Pure Food and Drug Act, 529, 530, 853 
requirements of, 529, 549, 550 
routes of absorbed, 546, 647 
storage in plants, 162 
Food chains, 58, 69 
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Food tubes, types of, 536 

Food vacuoles. 34, 271, 272, 277, 534 

(See also Metabolism; Nutrition; indi* 
vidual animals) 

Foot, of mollusks, 360, 362-364 
of mosses, 203 
(See also Feet) 

Footprints, fossil, 790 
Foramen, 251 

of Munro, 260-25] 
transverse, 663 
Foramen magmiin, 227 
Foraminifera, 286, 287, 644, 813 
Forebrain, 249 “251, 260, 603, 604 
development of, 603, 604, 691 
. Fore-gut, 398, 403, 603 
Forehead, 481 

Forelimbs, 226, 229, 262, 484, 649, 691, 766, 
767, 775, 781 
Forests, 60, 834-836 
animals in, 55, 769, 770 
climax, 60, 65 
conservation of, 835-838 
deciduous, 138-140 
destruction of, 60, 65, 835 
evergreen, 139, 140 
reforestation, 837, 84(5 
virgin, 834 

Forests fires, 835, 836 
Forficula anrwularia, 416 
Formation of tissues, 44-46 
Fossils, 211, 212, 286, 358, 451, 671, 787- 
795, 860 

Four o’clock, 721 
Fovea, 636 
Fowl, 496 

(See also Chicken) 

Fox, 71. 72, 606, 507. 508, 511, 831 
fur from, 830 
Foxglove, 218, 219, 810 
Fraternal twins, 696 
Free assortment, 43, 703, 716 
Freemartin, 626, 627 

Frog, 88, 89, 92, 225-263, 435, 454, 456-468, 
603, 585, 688, 697, 604, 611, 617, 630, 
631, 666, 673, 781, 862 
anatomy and physiology of, 225-259 
coloration of, 770 

embryology of, 260, 262, 673, 688-692 
hibernation of, 263 
skin of, 226. 576 
tadpoles, 244, 245, 262, 691 


Frog, types of, 226, 232, 457, 458, 764 
Frontal bone, 647 
Frontal lobe, 605, 608 
Frontal sinus, 662 
Fruit, 98, 99, 167-171, 683 
functions of, 171 
types of, 168-174 
Fruit fiy (see Drosophila) 

Fruit trees, 216 
Fucus, 76. 77, 180, 186, 186 
Fungi, 24, 62, 63, 76, 77, 97, 155, 181, 186- 
197, 222, 805, 806 
cultivation by ants, 778 
gills of, 196 
Funk, 525 

Fur, 506, 508, 763, 830, 839 
G 

(iaillardia, 598, 699 
Galapagos Islands, 467, 468, 798 
Galen, 859, 860 

Gall bladder, 54, 230, 233, 236, 439, 448, 
487, 633, 639, 552, 662 
Gall midge, 680 
Galliforines, 496 
Galls, 419, 427 
Gallstones, 552 
Galton, 760, 753, 868 
Oambnsia^ 452, 829 

Gametes, 159, 182, 184, 191, 276, 672, 706, 
709, 718-725 

formation of, 672, 676, 716 
in pine, 213 
types of, 671 
Gainetocytes, 276 
Gametogenesis, 702 

Gametophytes, 201-203, 206, 207, 212, 213, 
216, 221, 222, 709, 739 
(See also individual plants and animals) 
Gammarus, 389 

Ganglia, 253, 254, 340, 363, 383, 897, 400, 
401, 425, 430, 697, 611, 612, 618, 614 
fusion of, 340, 383, 400 
Ganoid fish, 447, 787 
scales of, 445, 446 
Gapes (in poultry), 817 
Gar pike, 447 
Garden flea, 412 

Garden pea. 112,176, 718, 719, 728, 725 
Garefowl, 499, 500 
Garter snake, 475, 679 
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Gastric artery, 238, 239, 441, 659 
Gastric caeca, 397, 398 
Gastric epithelium, 291 
Gastric filaments, 306 
Gastric glands, 380, 535, 542, 543 
Gastric juice, 234, 542, 543, 551 
Gastric mill, 376, 380 
Gastric pouches, 806 
Gastric ulcers, 551 
Gastric veins, 240, 241 
Ciastrin, 626 
Gastrolith, 376 
Gastronemius, 668, 669 
Gastropoda, 84, 86, 92, 360, 365-367 
Gastrovascular cavity, 294, 296, 301, 303, 
308, 633 -535, 556 

Gastrula, 260, 307, 343, 344, 355, 435, 684, 
685, 687-689, 692 
(See also individual animals) 

Gavials, 471 
Gaviiformes, 495 
Gecko, 764 
Gel, 27 

Gemmae, 200, 674 
Gemmule, 298, 674 
Genealogical tree, 92 

Generation, spontaneous, 10-13, 857, 864, 
865 

Generations (see Alternation of generations) 
Genes, 715-754 
effect of on each other, 750 
independent assortment of, 722, 725 
linear order of, 715, 727 
modifying factors of, 750 
problems in, 754 
reassortment of, 722 
segregation of, 718 
Genetics, 711-755, 864, 867, 868, 869 
(ienic balance, 737, 738 
(See also Heredity) 

Genital arteries, 441 
Genital chamber, 673 
Genital duct, 362 
Gemtal opening, 316, 397, 402 
Genital pore, 313, 397, 402 
Genotype, 719, 720 
Genus (pi. genera), 71, 72 
Geographical distribution, 784 
* Geographical isolation, 798, 866 
realms, 67 

Geologic ages, 787, 788-801 


Geotropism, 60, 596 
of roots, 111 
of stems, 124 
Gephyrea, 82, 331 

Geranium, 129, 133, 141, 142, 146,146, 147, 
672 

leaf of, 130, 133, 674 

Germ cells, 42, 99, 259, 268, 435, 701 711, 
868 

(Sec also individual plants and animals) 
Germ layers, 261, 343, 344, 684-686 
derivatives of, 261, 685 

(See also development of individual 
animals) 

Germ ring, 689, 691 
Germinal area, 490 
(ierminal (oiiiinuity, 701-710 
Germinal disk, 692 

Germination, 173 -178, 191, 213, 532, 682, 
683 

Gcrinplasrn, 42, 713, 798, 799 
theory of Weismaiin, 798, 799 
Gesuer, Konrad von, 863 
Gestation, (>95 
Giant fibers, 336, 340 
Giant tortoise, 467 
Giants, 623, 624 
Gibbon, 514 

Gila monster, 473. 477, 829 
Gill apertures, 438 
Gill arches, 260, 650, 782, 783 
Gill bailer, 382 
Gill bars, 432, 434 
Gill cover, 446 
Gill pouches, 576, 690 
Gill slits, 430, 432, 434, 436-441, 445, 782, 
783 

Gills, 245, 261, 262, 362, 364, 376, 382, 400, 
421, 428, 437, 439-442, 445, 448, 455- 
461, 576, 585, 678 
book, 421, 455 
external, 261, 262, 691 
of mushrooms, 195 

(See also individual animals) 
trachefU, 414 
Ginger, 8l2 
Ginkgo, 211, 212 
Ginkgoalcs, 211, 212 
Giraffe, 91, 511 
Girdles, 466 

pectoral, 228, 229, 461, 468, 490, 648, 654 
pelvic, 461, 468, 490, 648, 661, 654 
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Gizzard, of bird, 486, 487 
of crayfish, 876, 380 
of earthworm, 384, 336, 336, 536 
of grasshopper, 897, 898 
of reptiles, 466 
(dacial periods, 787, 7H8 
Glands, 309, 410, 588 
adhesive, 827 
cells of, 810, 585, 588, 663 
compound, 638 
coxal, 424 

digestive (.vrr Digestion) 
endocrine, 441, 442, 539, 618-(527 
gastric, 284, 285, 880, 587, 626 
green, 380, 424, 428, 688, 589, 595 
intestinal, 587, 548, 626 
lacrymal, 634 
of Leibekuhn, 637 

mammary, 502, 503. 608, 624, 668, 665, 
695, 697 
mucous, 461 
Meibomian, 684, 665 
milk (.vce Mammary glands) 
mucous, 638 
musk, 507 
oil, 48 ♦, 486, 508 
of oviduct, 258, 491 
parotid, 641, 542 

salivary, 845, 408, 587, 641 548, 616 
scent, 668 

sebaceous, 508, 668—666 
shell, 318, 491, 679 
silk, 822 
simple, 638 

skin, 225, 461, 668, 665 
slime, 365, 889 
stomach, 542 
sublingual, 641 
sub max illary, 641 
sudorirerous, 668, 665 
sweat, 508, 504, 568, 663, 664, 666, 667 
unicellular, 888, 538 
(rlass snake, 474 
Glaucoma, 850 
Ola wo my,Sf 766 
(ylenoid fossa, 229, 663 
Olcocapaa, 76, 180, 181, 182 
Globigerinay 286, 287 
Globlgerina ooze, 286 

role in limestone formation, 286 
Glochidium, 364, 365, 372, 678 
Glomerulus, 247, 248, 590, 692, 693 


Gloasinay 418, 816 
Glossopharyngeal nerve, 253, 872 
Glottis, 230, 232, 246, 487, 578 
of birds, 487 

Glucose, 140, 156, 157, 248, 519, 520, 532. 
638, 547, 548, 549. 575 
{Sec also Sugar) 

Glue, 828 

Gluteus maximus, 668 
Glycerin, 153, 535 
Glycerol, 153, 532, 548 
Glycogen, 28, 236, 241, 244, 441, 538, 546, 
547, 562, 591, 662 
(Jlycogenase, 547 
Gnat, 417 

Gnawing mammals, 91, 635, 831 
Gnetalesy 211, 212 
Goat, 817, 880 
Goblet cells, 634 
(ioiter, 551, 621, 622, 746, 850 
exophthalmic, 622 
Golden eyes, 413, 414 
Goldenrod, 218 
Goldfish, 487, 452 
Golgi bodies, 32, 34, 42 
Gonad-stimulation hormone, 624 
Gonads, 257, 304, 347, 362, 364, 432, 435, 
439-442, 448, 678 
(See also individual animals) 

Gonangia, 301 
(ionia, 706 

GonionemuSy 294, 802-304, 310 
Gonorrhea, 850 
Gonolheca, 301 
Goose, 491, 496, 680, 829 
barnacle, 387 
Gordiaceae, 321 
Gordius, 82, 321 
Gorilla, 614, 604 
Goshawk, 829 
Goss, 711 

Graafian follicle, 680 

Gracilis muscle, 659 

Grafting, 297, 341, 674, 676 

Grain fruit, 169 

Grains, 807 

Gramincae, 219, 807 

Grantiay 80, 81, 290, 291. 298 

Grape, 170, 852 

Grass family, 169, 219, 807 

Grasses, 58, 78, 131, 159, 205, 787 
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Grasshopper,'349, 394-403, 412, 413, 533, 
557, 688 , 697, 601, 629, 673, 678, 769, 
825 

crop of, 397, 398 
Grasslands, 835, 836 

Gravity, response to, 50, 111, 124, 283, 285, 
384, 506, 642 
in plants, 50, 599, 600 
Gray, Asa, 863 
Gray crescent, 260, 689 
Gray matter, 611, 612 
Great Barrier Reef, 307 
(irebe, 495 

Greeks, 68, 69, 858, 859 
Green algae, 76, 77, 182-185 
Green frog, 458 

Green glands, 380, 382, 424, 684, 688, 589, 
595 

Green snake, 466, 679 
Greenhouse thrip, 416 
Gregarines, 80, 266 
Gregarious animals, 53, 54 
Grew, 863 

Groups, animal, 80-92 
Grouse, 598 

Growing point, 44, 104-106 
Growth, 8, 28, 35, 620, 625 
in plants, 152, 157, 158 
Gruiformes, 496 
Gryllidae, 413 
Guanin, 449 
Guano, 495, 830 
Guard cell, 132, 133 

Guinea pig, 503, 509, 598, 626, 695, 713, 
720, 724, 725 

Guinea worm, 321, 322, 386, 819, 821 
Guineas, 829 

Gullet, 267, 277, 279, 294, 308, 534, 677 
Gull, 89, 495, 496 
Guncotton, 808 
Guppy, 449, 450 
Gut, formation of, 686 , 687 
(See also Intestine) 

Gutematsch, 263 
Gutta percha, 808 
Guttation, 147, 587 
Oymnodinium, 270 
Gymnophiona, 454 

Gymnosperms, 74, 78, 79, 97,120,123, 205, 
210-213, 807 

Gynandromorph, 739, 740 
Gypsy moth, 824, 825 


H 

Habit formation, 257, 617, 852 
Habitat, 48-65, 265, 271, 871, 872 
adaptations for, 762-769, 784-786 
air, 56, 764-766 
desert. 49, 758, 762, 763, 776 
fresh-water, 55 
land, 55 

salt-water, 55, 108 
swamp, 61 
underground, 55, 66 

(See also individual and groups of 
plants and animals) 

JIadarus hirsutus, 423 
Haeckel, Ernst, 391 
Haematococcus, 287 
Haemocoele, 373, 389, 400 
Ilaeniocyanin, 380 
Hagfish, 86, 436, 437 

Hair, 414, 503, 582, 620, 626, 663, 664, 665, 
666, 695 

follicles of, 427, 664, 665 
glands of, 427, 664, 665 
of human races, 801 
origin of, 685 
root of, 664, 665 
sensitive, 629 

(See also individual animals) 

Hairs, of insects, 401, 404, 406, 414, 823 
plant, 44, 172, 534 
Hairworm, 321, 322 
Hales, Stephen, 864 
Halibut, 452, 527 
Haller, Albrecht von, 864 
Halophytes, 108 
Halteres, 417 
Hamm, 862 

Hammer, 504, 630, 640-642 
Hand, 649 

(See also Forelimbs) 

Hapalidae, 512 

Haploid, 42, 208, 212, 222, 702, 708, 709, 
716, 739 
Hare, 90, 510 
varying, 605 
Harlequin snake, 476 
Haversian canal, 645 
Harvester ant (see Ant) 

Harvestmen, 374, 421, 426, 827 
Harvey, William, 656, 573, 864 
Haiteria, 467 
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Haversian canal, 645 
Hawk, 490, 49^ 829 
Hawksbill turm, 477, 829 
Hawkweed, 718 
Hawthorn, 216 
Hay fever, 586, 851 
Hazelnut, 218 

Head, 225, 226, 228,230, 246, 249-252, 812, 
315, 818, 319, 349, 373, 374, 395, 404, 
406, 427, 437, 467, 468, 481, 661 
{See also individual animals) 
flower, 160 
Hea,d bc»nes, 662 
Head kidney, 690 
Head louse {see Lice) 

Health, 1, 265, 550, 846-854 
Hearing, 255, 400, 474, 628-631, 640 
Heart, 230, 232, 237, 238, 240, 242 -244, 
667, 558, 612, 613, 661, 663, 691 
beat of, 243, 560, 563, 614, 662, 854 
disorders of, 570, 736 
of embryo, 608 

muscle of, 46, 242, 243, 526, 558-560, 661, 
663 

valves of, 242, 243, 337, 558-561, 663 
of vertebrates, 667 

{See also individual animals) 

Heart urchin, 357 
Heart wood, 121, 122 
Heat, 596, 632, 665, 666, 741 
body, 504, 521, 662, 665-667 
production of, 157, 521, 620, 662, 663 
regulation of, 504, 568, 665-667 
sense of, 257, 628, 631 
{Sec also Temperature) 

Heath family, 220 
Heath hen, 843 
Hedgehog, 90, 598 
Heel, 481 

Heidelberg man, 800 
Heliotropism, 596 
Heliozoa, 273, 274 
Hellbender, 456 
Helminthology, 312 
Helodermat 473 

Hemichordates (Hemichords), 86, 87, 92, 
431 

Hemimetabolous, 403 
Hemiptera, 415, 416 

Hemoglobin, 237, 245, 337, 345, 520, 522, 
550, 565, 566, 576, 582, 787 
Hemophilia, 570, 736 


Hemorrhage, 632 
Hemp, 190, 809 
Hen, egg of, 490, 683, 686 
Henbane, 218 
Henle’s loop, 592, 593 
Heparin, 568 

Hepatic arteries, 239, 381, 440, 441, 559 
Hepatic caeca, 351, 352, 353, 434 
Hepatic portal system, 240, 241, 244, 434, 
440, 441, 466 

Hepatic veins, 241, 244, 439, 440, 441, 559, 
, 562, 563 

{See also individual animals) 

Hepatica, 842 

Hepaticae, 76, 77. 200-202, 216 
Herbals, 860 

Herbivora, 535, 536, 550, 760 
Herbs, 117 
annual, 118, 218 
biennial, 118, 217, 218 
perennial, 118 

Heredity, 711-754, 797, 868, 869 
and environment, 751, 753 
in man, 751-753, 868 
physical basis of, 714-753, 869 
Hermaphrodites, 202, 316, 347, 364, 673, 
677-678 
plant, 673 

Hermit crab, 304, 311, 388 
Heron, 89, 483, 496, 500 
Herpetologist, 589 
Herring, 452 
Hertwig, 671 
Hesperidum, 170 
Hesperiidae, 417 
Hessian fly, 417, 826 
Heterocera, 417 
lleterocercal tail, 438, 447 
Heterocoelus, 489 
lleterodon, 475 

Heterodont dentition, 504, 760 
lleterogametes, 671, 677 
Heteronema, 270 
Heterosis, 747 
Heterozygous, 716, 744 
Hevea, 808, 809 

Hexactinellida, 80, 81, 290, 292 
Hexapoda, 274, 394 
Hibernation, 249, 263, t57, 459, 506 
of amphibians, 457, 459 
of lungfish, 450 
of turtles, 468 
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Hickory nut, 170 
Hickory tree, 60, 218 
Hide, 607 
Hieraciunif 718 
Hilum, 176, 176 

Hindbrain, 249, 251, 260, 603, 604, 690 
development of, 691 
Hind-gut, 398, 403, 687 
Hind limb, 225, 226, 229, 262, 489, 649, 691, 
766, 781 
Hinny, 748, 750 
Hippocrates, 858 
Hippopotamus^ 511, 767 
Hirudin, 347, 568 
Hirudinea, 82, 83, 331, 347 
Hirudoy 347 
Histology, 4, 4Q 
Hive, 410, 411 
Holdfast, 113, 182, 186 
Holly, 164 
Ijpllyliocks, 807 

Holoblastic cleavage, 259, 343, 364, 504, 
683, 684, 688, 689 
llolometabolous, 403 
Holothurioidca, 84, 86, 350, 367, 358 
Homarus, 387 
Hominidae, 514 
Homiothermic, 666 
Homo heidelbergensis, 800 
Homo neanderihalcnsiSf 800, 801 
Homo sapiens, 70, 800, 801 
Homocercal tail, 447 
Homolecithal egg, 683 
Homologous chromosomes, 703, 705, 749 
Homoptera, 416, 416 
Homozygous, 716, 720 
Homunculus, 671 
Honey, 822 
making of, 408 
Honey locust, 125 
Honey stomach, 408 
Honeybee, 403-411, 821, 822 
Honeycomb, 406, 410 
Honeydew, 416 
Honeysac, 406 
Honeysuckle, 137, 138 
Hoofed animals, 73, 90, 91, 511 
Hoofs, 90, 91, 511, 663, 762, 763 
Hooke, Robert, 30,.31, 574, 862 
illustrations of cork cells of, 80 
microscope of, 29 


Hooks, of insects, 404,408 
of plants, 172 
of tapeworms, 317, 318 
Hookworm, 56, 82, 83, 321, 322, 323, 324, 
817, 849, 851 
Hops, 809 
Hormiphora, 83 

Hormones, animal, 237, 265, 559, 619 
of digestive tract, 626 
of man, 539, 618, 786 
of plants, 158, 619-627 
(See also Kndocrincs) 

Ilornbills, 499 
“Horned toad,” 472, 473 
Horns, 507, 663 
in cattle, 740 
in sheep, 746 

Horse, 90, 504, 510, 511, 535, 640, 649, 695, 
713, 747, 748, 750, 760, 781, 782, 827, 
830, 857, 859 
ancestry of, 792, 793, 794 
race. 713 
Horse nettle, 217 
“Horsehair snake,” 322 
Horseshoe crab, 374 
Horsetails, 78, 79, 97, 203, 205, 807 
House fly, 404, 823 
Howard, 394 
Howell, 568 
Human resources, 846 
conservation of, 846, 854 
{See also Man) 

Humerus, 228, 229, 490, 647, 649, 651, 653, 
655 

Humidity, 145, 581, 607 
Hummingbird, 164, 482, 493, 499, 774 
Humus, 836 
Hunger, 628, 631, 632 
Huxley, T. H., 59, 797, 867 
Hybridization, 711 
Hybridizers, early plant, 711 
Hybrids, animal, 720,722,724,725,729-734, 
747, 748, 750 

plant, 711, 718, 719, 721, 723, 868 
sterility of, 748, 749 
Hydatina, 328 

Hydra, 54,55,80.81, 294-299,303,310,337, 
533, 534, 535, 554, 556, 588, 597, 601, 
616, 618, 657, 672, 674, 677, 678. 685, 
688, 817 

chromosomes of, 702 
oligactis, 299, 678 
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Hydractinia, 304, 805 
Hydranth, 301 
Hydrocaulus, 301 
Hydrocephalus, 610 
Hydrochloric acid, 235, 645 
Hydrogen, 15, 23, 141, 151, 519, 520 
atom of, 16 
ion of, 19 

Hydroid, 92, 294, 427 
Hydrolysis, 532 
Hydrophobia, 848, 865 
Hydrophytes, 57, 759 
Hydrorhiza, 301 
Hydrostatic organs, 271 
Hydrostatic pressure, 40 
Hj"dri»theca, 301 
Hydrotropism, 111, 596, 600 
llydrozOH, 80, 81, 294-306 
llyla scpicntrionalis^ 458 
vemicoJor, 226, 457, 468 
Hylobatidae, 514 
Hymenoptera, 418, 410, 822 
Hyoid arch, 227, 650 
Hyoid bones, 227, 647, 650, 652 
Hyphac, 192 
Hy[)notisrn, 257, 268 
Hypobranchial groove, 433 
ilypocotyl, 176, 176, 177, 682 
Ilypodermis, 395 
Hypogastric artery, 669 
Hypoglossal nerve, 872 
Hypopharynx, 395, 396 
Hypophysis, 260, 251, 600, 608, 626 
Hypos tome, 295 
Hyracoidea, 90, 512 
Hyracotherium, 792 
Hyrax, 90, 512 

I 

Ibis, 496, 497 

I eery a purchase 416 

Ichneumon fly, 418, 775 

Ichthyophis, 455 

IcfUhyopthiriuSt 814 

Ichthyosaur, 464 

Identical twins, 696, 697 

Ileocaecal valve, 644 

Ileum, 234, 397, 439, 487, 639, 542 

Iliac arteries, 238, 239, 440, 441, 669 

Iliac vein, 440, 669 

Ilium, 228, 229, 490, 647, 649. 654. 782 


Images, formation of. 635-688 
Imago, 403 
Imbibition, 108, 109 
Immortality, 99, 272, 288 
Immunity, 320, 568, 712, 847 
acquired, 569 
active, 569 
artificial, 569 
building of, 569 
inheritance of, 712 
natural, 568 
passive, 569 
racial, 569 

Imperfect fungi, 76, 181 
Implantation, 624, 694 
Inbreeding, 746, 747 
Incisors, 503, 504, 511, 536, 540, 760 
Incubator, 491 

Incus, 504, 630, 640, 641, 652 
Indehiscent fruit, 169 
Indian mautid, 771 
Indian pipe, 166, 197 
Indigestion, 551 
Indirect division, 36 
Indusium, 206-207 
Infantile paralysis, 849 
Infection, 191, 444, 477, 525, 564, 568, 584, 
666, 817, 850 

Inferior (posterior) mesenteric artery, 238, 
239, 669 

Inferior (posterior) mesenteric veins, 662 
Inferior ovary, 162 

Inferior vena cava, 240, 241, 647, 669, 561 
Inflorescence, 160 
Influenza, 847 
Infraspinous, 668 

Infundibulum, 260, 251, 578, 606, 608, 
628 

Infusoria, 266, 267 
Ingenhousz, Jan, 864 
Ingestion, 534 

Inhalent siphon {see Siphon) 

Inheritance, 711-755 
of abnormalities, 752, 753 
of acquired characters, 796, 799, 865 
of fceble>mindedness, 746, 752 
of immunity, 712 
of insanity, 746 
in man, 736, 736, 749-753 
principles of, 711-755 
sex4inked, 570 
{See also Genetics) 
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Ink sac, 369 
Inner ear, 266, 640, 641 
(See also Ear) 

Innominate artery, 559 
Innominate bone, 649, 662, 664 
Innominate vein, 240, 559, 663, 564 
Inorganic salts, 22, 23, 167 
Insanity, 746. 753, 849 
Insect traps, 149 
Insectivora, 90, 509, 760 
Insects, 1, 51, 73, 86, 87,164, 193, 231, 232, 
373, 394-419, 423, 428, 460, 508, 535, 
676, 595, 630, 644, 739, 763, 775, 778, 
788, 821-826 

adaptations of, 149, 154, 155, 768-773, 
776-778 

beneficial, 164-166, 821, 822, 823 
harmful, 1, 394, 806, 822, 823-828, 848 
orders of, 412-419 

and pollination, 164-166, 394, 411, 821, 
822, 825, 828 

sodeties of, 411, 412, 776-778 
as vectors, 815, 826-828, 848 
Inspiration, 679, 580 
Instinct, 428, 617, 775 
Insulin, 639, 626 
Integument, 225, 663 
Interaction, of endocrines, 619 
of factors, 741 

Intercellular digestion (see Digestion) 
Interference, 725, 727 
Internal carotid arteries, 238 
Internal gills, 261, 461 
Internal respiration (see Respiration) 
Internal secretions (see Hormones) 
Internode, 118, 128, 129 
Interrenal bodies, 442 
Intersex, 738 
Interstitial cells, 624, 626 
Intestinal glands, 667, 620 
Intestinal juice, 643 

Intestine, 230, 283, 236, 244, 260, 262, 323, 
385, 386, 840, 408, 612, 613, 661 
digestion in, 642-646 
large, 233, 234, 602, 644, 545, 547 
movements of, 640, 544 
small, 230, 233, 234, 235, 236, 642-644, 
547, 562 

structure of, 285, 642, 643 
(See also Individual animals) 
Intracellular digestion (see Digestion) 


Intussusception, growth by, 9, 157 
Inversions, 741 
Invertase, 543 

Invertebrates, 265-428, 556, 589, 630, 788, 
789 

Iodine, 622-524, 550, 551, 622 
Ions, 16 
Iridiocyte, 449 
Iris, 136 

Iris of eye, 256, 635, 636 

Iron, 62, 522, 524, 550 

Irregular flowers, 162 

Irritability, 9, 28, 297, 314, 597, 661 

Ischium, 229, 490, 647, 649, 654 

Isles of Langerhans, 539, 625 

Isogametes, 671, 676 

Isolation. 798, 865 

Isopods, 388 

Isoptera, 413, 414, 824 

Itch mite, 827 

Iter. 609 

Ivory, 507 

Ivy, Boston, 125,136 
English, 112,113, 126 
poison, 112 

J 

Jackass, 747, 750 
Jack'in^the'pulpit, 842 
Java man, 799 
Jawbones, 474, 540 

Jaws, 227, 230, 345, 347, 375, 406, 436, 437, 
461, 468, 474, 504, 536, 541, 585, 650, 
655, 691, 768 
Jay, 483, 499 
Jejunum, 539, 542 
JeUy, 258, 457 
royal bee, 408 

Jellyfish, 23, 92, 294, 301, 304, 622 

Jennings, 617 

Jenny, 748 

Jimson fruit, 169 

Jimson weed, 217 

Johanssdn, 746 

Johnson grass, 126, 219 

Jointed appendages (see Appendages) 

Joints, 227, 466, 468, 490, 646-647, 660, 
661 

Judas tree, 217 
Juglanaceae, 218 
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Jugular veins, 240, 241, 440, 441, 647, 669, 
664 

Juices {see Digestive juices) 

Junco, 698 
Jungle fowl, 786 

Jurassic epoch, 469, 470, 480, 787, 798 

K 

Kahn test, 849 
Kala azar, 816 
Kallikak family, 749 
Kallima, 771, 772 
Kalmia, 220 

Kangaroo, 90, 91, 509, 695, 775 
Karyokinesis, 36 
Karyosome, 35, 42 
Katabolism, 8, 152, 153 
Katydid, 401. 412 
ear of, 629 

Keel. 480, 489, 490, 495 
Key West tree frog, 458 
Kidnej^, 230, 233, 234, 241, 244, 246-248, 
362, 303, 439-442, 448, 486, 488, 502, 
639, 688, 590-595, 673, 687 
head, 590 
infections of, 594 
inherited characters of, 752 
tubules of, 247, 248, 258, 442, 592, 693 
types of, 247, 590 
work of, 248, 593, 594 

{See also individual animals and groups 
of animals) 

Kidney stones, 594 
Kinetic energy {see Energy) 

King crab, 373, 421, 422 
King lizard, 464 
King snake, 475 
Kingdom, animal, 74, 75, 80-92 
plant, 74-79, 92, 97-99 
relationships in, 92 
Kingfisher, 482, 499 
Kissing bug, 410, 815 
Kitchen rriddens, 368 
Kiwi, 89, 495 
Kneecap, 490, 618, 661 
“Knees,” of plants, 61,110, 759 
Knockknees, 666 , 657 
Knotweed, 778 
Koch, Robert. 187, 865 
KOlreuter-Kowalevsky, 482 
Kreidl, 384 


L 

Labia minor, 416 
X>abial palp, 362, 406 
Labiatae, 217 
Labium, 395, 396, 397, 406 
Laboratories, biological, 869 
Labnim, 395, 396, 397, 406 
Labyrinth, bony {see Cochlea) 
membranous {see Cochlea) 

Lac insect, 394, 416, 821 
Lacewing, 413, 414 
Lachrymal ducts, 634 
Lachrymal glands, 462, 634 
Lacrymaria, 286, 286 
Lactase, 543 

Lacteals. 245, 537, 647, 664 
Lactic acid, 575, 662 
Lacunae, 646 

Lady slipper, 219, 839, 842 
Ladybird beetle, 60, 416, 417, 822 
Lagomorpha, 90, 510 
Lamarck, Jean Baptiste, 796, 865, 866 
Lamellibranchiata, 361 
Lamp shell, 82, 83, 92, 327 
Lamprey, 86, 436, 438, 828 
Lampyridae, 417 

Land, life on, 55, 57, 460, 461, 465 
Land snails, 365 
Landsteiner, 569 
Langerhans, isles of, 539, 625 
(See also Insulin) 

Large intestine {see Intestine) 

Lark, 499 

Larvae, 404, 406, 410, 431, 461, 618, 744 
actinotrocha, 329 
amn^ocoetes, 436 
aquatic, 414, 455 
bipinnaria, 355 
bladder worm, 318 
caterpillar, 824 
cercaria, 316, 317 
cysticercus, 318 
elvers, 775 

glochidium, 364, 365, 372, 678 
grubs, 822 
maggot, 417 
miracidium, 316, 317 
mosquito, 276 
nauplius, 385, 388, 783 
pilidium, 320 
planula; 302, 307, 309 
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Larvae, rcdia, 316, 317 
tadpoles, 261, 262, 434, 459 
tornaria, 355, 359, 431 
trochophore, 319, 329, 332, 343, 347, 360, 
364, 872 

(See also Individual animals) 

Laryngeal cartilages, 684 
Laryngitis, 584 

Larynx, 232, 602, 677, 583, 684, 650 

Lateral line, 437, 438, 442, 446 

Lateral veins, 440 

Latrodectiis, 426 

Latissimus dorsi, 668 

Laudanum, 852 

Laurel family, 812 

Laveran, Charles. 274 

Lavoisier, Antoine, 573 

Lead poisoning, 850 

Leaf, 98, 99, 109, 128-149, 162, 159, 178, 
214, 682 

arrangement of, 134, 136, 136, 137, 138 
compound, 131, 132 
fall of, 118, 138, 139, 140 
margin of, 130, 215 
nodes of, 118,128 
scar of, 118, 119 
stalk of, 128, 130 
storage in, 149 
types of, 130-132 
veins of, 124, 128-130, 215 
work of, 140-149 
Leaf mosaics, 136 
Leaf butterfly (see Kallima) 

Leaf hopper, 416, 416, 825 
Leaf insect, 772 
Leather, 444, 477, 507, 829 
Leech. 82, 83, 92, 331, 347, 820 
Leeuwenhoek, Anton van, 30, 31, 187, 862 
Legs, 225, 229, 376, 376, 379, 389-391, 395, 
398, 404, 406, 407, 421, 423, 464, 
468, 470, 490, 663, 674, 691, 781, 
794, 795, 826 

(See also individual animals and 
. groups) 

Legume, 168, 169 
Leguminosae, 216, 217, 807 
Leguminous plants, 216, 217, 807 
Lemuroids, 90, 512 
Lemur, 90, 512 
flying, 509 
true, 509, 512 

Lens, 256, 462. 630, 636-637, 640, 690, 850 


Lens, formation of. 603, 690, 691 
Lenlicels, 118, 119, 156 
Lentil, 217, 286 
Leopard, 511 
Leopard frog (see Frog) 

Lepas, 386, 387, 783 
Lepidoptcra, 417, 418 
Leprosy, 810 
Leplinotarsa, 825 
Leptodactylus, 460 
Lethal factors, 743, 744 
lettuce, 218, 529 
prickly, 137 
Leucocyte, 2iJ7, 666 
Leucocytosis, 571 
Leucopenia, 571 
I-«eucoplast, 33, 42 
Leukemia, 571 
Levator muscle, 231 
Lice. 416, 416 
bird, 414 

blood-sucking, 416 

body, 416, 416, 806, 816, 826, 827, 848 

book, 414, 416 

chicken, 414, 416 

crab, 416, 826 

dog, 416 

head, 416, 826 

hog, 416 

human, 416, 826 

ox, 416 

plant, 416, 778,* 822 

Lichen, 64, 55, 58, 77, 181, 193, 194, 774 
Life, communal, 774, 770, 777, 778 
length of, 460, 670, 763 
origin of, 10-13 
physical basis of, 21-28 
wealth of, 756, 797 
zones of, €7, 58, 874 

Life cycle (see individual plants and 
animals) 

Ligaments, 230, 636, 646, 655 
hinge, 361 
jaw, 474 

Light, *49, 65, 125, 136-144, 156, 193, 255, 
257, 272, 297, 364, 520, 596, 698, 599, 
601, 628, 757 
rays, 635 
receptors, 636 
refraction of, 685, 636 
response to, 112, 617 
as stimulus, 596-509 
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Light, waves of, 687 
Ligiila, 406 
Ligule, 131 
Liliaceae, 1219, 221 
Lillie, 629 

Lily, 78, 205, 219, 221 
water, 136 

Lily of the valley, 219, 221 
Limax^ 366 

Limbs, 454, 461, 474, 488, 649, 650, 652, 655, 
763, 781 

adaptations of, 649, 761-763 
deformities of, 656 
fore- {see Forelirnbs) 
hind (m? Hind limbs) 
vertebrate, 461, 468, 649, 655, 761, 781 
(»Ser also individual nnirnals and groups 
. of animals) 

l.irae salts, 290, 294, 369, 376 
water, 114, 194 
Limestone, 286, 358 
Limpet, 367 
JAmnlus^ 421, 422 
Linaccae, 808 
Linden, 170 
Line, lateral, 438 
Lines, pure, 746 

Lines of grow^th, of mollusk, 361 
of roots, 107 
of tree, 121, 122 
Linin, 32, 35, 42 
Linkage, 725-731 
sex, 734 

l^innaeus, Carolus, 69, 70, 756, 780, 796, 863 
Linseed oil, 808 
Linum, 161 

Lion, 90, 91, 92, 502, 508, 510, 676, 756, 770 
mountain, 511, 831 
Lip, 503, 632 

Lipase, 153, 236, 532, 535, 538, 539, 543 
Twipids, 8, 23, 853 
Liriope, 319 

Liver, 45, 230, 233, 234, 236, 241, 244, 
248, 261, 262, 317, 633, 537, 639-540, 
543, 647, 662, 571, 579, 591, 595, 625, 
662 

functions of, 236, 537, 538 
origin of, 261 

(See also individual animals and groups 
of animals) 

Liver fluke. 82, 92, 312, 315-817, 820, 817 
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Liverwort, 76, 77, 87, 200-«02, 222, 806, 
826 

life cycle of, 201 

Lizard, 88, 92, 454, 467, 472-474, 477, 479, 
786 

Llama, 511, 830 
Loa loa, 321 

Lobster 86, 92, 373, 374. 387, 821 
(See also Crayfish) 

Lockjaw (see Tctanui^ 

Loco weed, 217 

Locomotion, 229, 266, 278, 279, 298, 
304, 314, 644. 761 

(See also individual animals and groups 
of animals) 

Locust, 55, 394-402, 403, 413 
“seventeen-year,” 394, 416, 416 
Locust tree, 131, 148, 217 
Locustidae, 412 
Loeb, 355, 676 
LoligOf 368, 369 
Long-day plants, 598, 699 
Longitudinal division, 267, 268 
Longitudinal groove, 308 
Longitudinal muscles, 236, 336, 340, 542, 
661 

Loon, 495 

Loop of Ilenle, 592, 693 
Lotus, fruit, 173 
Louse, body (see Lice) 

Loxodonta, 611 
Lumbar vertebra, 647, 653 
LumbricuSy 331-344 

(See also Earthirorm) 

Luminescent bacteria, 156 
Luminescent organs, 451, 768 
Lung books, 424 
Lungfish, 86, 437, 460, 788 
Lungs, 230, 232, 237, 241, 244-246, 261, 
365, 450, 455, 461, 462, 475, 479, 502, 
561, 571, 576-586. 662, 663, 685, 691 
artificial, 582 
and excretion, 591, 595 

(See also individual animals and groups 
of animals) 

Lycopodium, 79 
powder from, 807 
Lycopsida, 78, 79, 97, 205, 806 
Lyell, Charles, 865 
Lymph, 244-247, 339, 563, 695 
Lymph nodes, 664 
Lymph sinuses, 244 
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Lymph spaces* 337, 552 
Lymph vessels, 245^ 564| 665 
Lymphatic hearts, 244 
Lymphatic system, 244, 245, 839, 563-565, 
695, 819 

corpuscles in, 564 
ducts of, 563, 564 

(See also individual animals and groups 
of animals) 

Lymphocytes, 564, 566, 567 
Lyre bird, 500 
Lysiphlebus, 822 

M 

Macaques, 518, 514, 695 
Mackerel, 527, 828 
MacrochelySy 469 
Macronucleus, 34, 277, 280-283 
Macrospore, 212 

(See also Megaspore) 

Macula lutea, 635 
Madreporite, 351, 353 
Magdalenian races, 801 
Magellaniay 82, 83, 327 
Maggots, 10, 417, 822 
Magicicaday 415, 416 
Magnesium, 62, 522, 524 
Magnolia, 221 
Maize (see Corn) 

Malacostraca, 387, 388 
Malar bone, 647 

Malaria. 80. 81, 266, 274-277, 452, 667, 
672, 680, 757, 810, 816, 826, 848, 865 
control of, 829 

Male, gametophytes (see Gametophytes) 
hormones (see Hormones) 
reproductive organs (see individual 
animals) 

Malleus, 504, 630, 640, 641, 652 
Mallophaga, 403, 414, 415 
Mallows, 807 

Malpighi, Marcello, 400, 862 
Malpighian body, 247, 590 
Malpighian tubules, 397| 400, *421, 4SNli, 
588, 589, 592, 595 
Malt sugar, 532 
Maltase, 532, 543 
Malthus, Thomas, 784 
Maltose, 153, 532, 543 
Malvaceae, 807 


Mammals, 67, 75, 90, 91, 431, 476, 488, 
536, 502-515, 557, 558, 591, 604, 647, 
665, 666, 697, 750, 784, 829 
ancestry of, 503, 787, 792 
aquatic, 512 
body heat of, 666 
carnivorous, 536, 537, 760 
coloration of, 507 
domesticated, 508, 830 
egg-laying, 90-92, 508, 680, 694 
flying, 510 
game, 830 
gnawing, 831 

herbivorous, 535, 536, 760 
hibernating, 506 
home-building, 506 
hoofed, 511 
limbs, 761 
migrations of, 506 
orders of, 508-514 
origin of, 503 
predaceous, 508, 831 
reproduction of, 680, 681 
sex characters of, 507 
teeth of, 760, 761 
tracks of, 504, 505 

(See also individual animals and groups 
of animals) 

Mammary glands, 67, 502, 504, 508, 624, 
626, 663, 665, 695, 697 
(See also Glands) 

Mammoth, wwlly, 795 
Man, 90, 315, 512, 514, 598, 665, 666, 857, 
859 

age of, 792 

ancient, 781, 787, 795, 799-801 
blood of, 565-571, 786 
brain of, 603-608 
chromosomes .of, 702, 716, 739 
circulatory system of, 558-571 
classification of, 513-514 
conservation, 834, 846 
coordination, 603, 627 
digestive system of, 539-552 
embryology of, 694-697, 783 
excretory system of, 591-595 
germ cells of, 701 
gestation period of, 695 
hemdity in, 736, 749-753, 868 
hormones of, 619-627, 746 
limbs of, 649, 781 
muscles of, 658,659 
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Man, parasites of, 274-277, 288, 317, 818, 
819, 322-324, 814-819, 849 
reproductive system of, 656, 680-681 
respiratory system of, 677-582 
sex determination in, 736, 738 
sex-linked characters, 736 
sinuses, 662 

skeletal system of, 646, 661, 655 
special senses, 631-642 
teeth of, 640, 541 
urinogenital system of, 680 
vestigial structures of,, 781, 782 
vocal cords of, 684 
voice of, 583, 584 
Manatee, 90, 91, 512 

Mandibles, 376, 377, 380, 395, 396, 406, 424, 
481, 647 

Mandibular arch {see Visceral arch) 

Mandrill, 514 

Manganese, 62, 524 

Mange, 827 

Mangrove, 112, 114 

Manis, 509 

Manna, 194 

Mantis, praying, 414 

Mantle, 360, 362, 363, 678 

Mantle cavity, 360, 364, 365, 678 

Manubrium, 303 

Maple, 78, 109,130,186, 170, 172, 205, 215 
fruit of, 170 
sugar of, 809 

Marchantia, 76, 77, 200-202 
Mare, 747 
Margaropus, 427 
Margin, leaf {see Leaf margin) 

Marigold, 218 
marsh, 216 
Marijuana! 852 

Marks, signal and recognition, 773 
Marmosets, 512 
Marrow, 566, 591, 645 
red, 2tl7, 503, 646 
yellow', 646 

Marrow cavity, 646, 646 
Marsilea, 676 
Marsupial, 90, 508, 509 
pouch of, 695, 775 
Marsupium, 508, 775 
Marten, 508, 831 
Mast, 278 
Mastax, 327 

Mastigophora, 80, 81, 266 


Mastodonsaurus, 461 
Mastoiditis, 652 
Maternal impressions, 695 
Mating, behavior during, 257, 259, 450, 
679, 774 

seasonal. 472, 488 
types of, in protozoa, 280, 282, 676 
{See also groups of animals) 

Matrix, of bone, 46, 645 
of cartilage, 46, 645 
Matter, characteristics of, 7-10 
definition of, 7 
lifeless, 7-10, 14 
living, 7-10, 14 
nature of, 14, 20 
Maturation, 702-710 
((See also Meiosis) 

Maxillae, 228, 376, 376, 377, 380, 390, 395, 
396, 406, 424, 468, 647 
Maxillary sinus (ifee Sinus) 

Maxillipeds, 376, 377, 378, 380 
May fly, 403, 413, 414, 670, 788 
Mayo, John, 574 
McCleod, 625 
Mealy bug, 416 
Measles, 847, 851 
Mechanism, 10, 13 
Mecoptera, 417 
Medicinal plants, 810, 811 
Medicine, 805, 852, 853, 858 
Medulla, of adrenals, 625 
of kidney, 692 

Medulla oblongata, 260, 251, 254, 441, 486, 
568, 697, 604, 607, 608, 609 
function of, 608 
Medullary plate, 690 
Medullary sheath of nerves, 602 
Medusae, 294, 300-304, 310 
Megasporangia, 212,.213 
Megaspore, 212, 213, 706, 707 
Megaspore mother cell, 706 
Meibomian glands, 634, 665 
Meiosis, 42, 43, 208, 212, 702-710, 714-741 
Melanin, 275 
Membranes, 39 
of brain, 250, 810 
ceU, 32, 33, 41 
of egg, 490, 679, 692 
embryonic, 465, 466, 492, 503 
fertilization, 259 

mucous, 231, 441, 476, 536, 540, 686, 
694, 851, 853 
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Membranes, nictitating, 226, 255, 468, 470, 
481, 488, 631 
nuclear, 32) 35, 42 
plasma, 26, 32) 33, 38, 41, 108 
pleural, 578 

semiperm cable, 38-41, 108, 554-556 
of spinal cord, 610 
tympanic, 629, 630 
undulating, 277 
vitelline, 490 

Membranous labyrinth (see Cochlear) 
Memory, 606, 617 
associative, 254 

Mendel. (Iregor, 711, 716-718, 867 
Mendelism, 716-754 
extension of, 725 
Mendel’s experiments, 717, 718 
Mendel’s laws, 718-725, 868 
Meninges, 610 
Meningitis, 610 
Menopon, 414, 416 
Mental states, 552, 852 
influence of, on digestion, 552 
Mercury, 852 
Merganser, 482 
Meristem, 44 
Mermaid weed, 131) 148 
Meroblastic cleavage, 259, 683, 684 
Merostomata, 421 
Merozoite, 276 
Merychippus, 793, 794 
Mesencephalon, 249, 604, 607 
Mesenchyme, 685 

Mesenteric arteries, 238, 239, 440, 441, 669 
Mesenteric veins, 240, 241, 662 
Mesenteries, 230, 234, 238, 294, 308, 442, 
443, 542 

Mesoderm, 260, 294,312, 314, 316, 319,324, 
343, 344, 402, 602, 684-687, 689, 690 
derivatives of, 261, 685 
formation of, 264, 364, 685, 687, 690 
somatic, 344, 685, 686 
splanchnic, 344, 685, 686 
Mesodermic somite, 603 
Mesoglea, 294-296, 302, 303, 688 
Mesohippus, 793, 794 
Mesonephric duct, 247, 258, 460, 590 
Mesonephric tubules, 258, 443, 589, 590, 
595 

Mesonephros, 247, 448, 466, 589, 590, 595, 
782 

Mesophyll, 123, 132, 133, 134 


Mesophytes, 57, 759 
Mesorchium, 442, 443 
Mesothorax, 395, 396 
Mesovarium, 443 
Mesozoic period, 463, 787 
Mesquite, 758 

Metabolic wastes, 247, 248, 589 
Metabolism, 8, 28, 151-153. 523, 532-551, 
587, 595, 625 
basal, 549 

Metacarpals, 228, 229, 647, 649, 661, 655 
Metagenesis, 302 
Metamcre, 331, 332 
Metamerism, 254, 349, 430 
Metamorpliosis, in amphibians, 261, 262, 
454, 455, 466, 619, 691 
in insects, 401-405, 410, 412, 414-419, 428 
in reptiles, 466 
in tunicales, 432 
types of, 403 

Metanephros, 247, 466, 488, 589, 590, 595, 
782 

Metaphase, 37, 38 
Meiaplasm, 32, 34, 42 
Metapleural folds, 433, 435 
Metatarsals, 228, 229, 490, 647, 649, 661, 
655 

Metatheria, 90, 508 
Metathorax, 395, 396 
Metazoa, 38, 75, 92, 265, 290 
Metencephalon, 249, 251, 604 
Meteors, 13 

Melridium, 307, 308, 309 
Miasfor, 403, 680 

Mice, 59, 495, 507, 695, 743, 744, 829 
field, 59, 477, 598, 829, 831 
jumping, 506 

lethal factors in heredity of, 7^3, 744 
Microbiology, 864 
Microdissection, 283 
Microgamete, 276 
Micron, 27 

Micronucleus, 35, 277, 278, 280, 282 
Micropodiformes, 499 
Micropyle, of egg, 402, 691 
of seed, 176 

Microscope, development of, 31 
Hooke’s, 29 
Microsporangia, 213 
Microspores, 162, 210-213, 706, 707 
Micrurus, 476 
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Midbrain, 249, 260, 251, 254, 260,603, Cip4, 
607 

development of, 691 
Middle ear, 256, 462, 640 
Midges, 417 

Migrations, 494, 775, 784, 785, 798 
of birds, 493, 494, 775 
of fish, 452, 679, 775, 776 
of mammals, 506 
Mildew, 77, 192, 806 
downy, 181 
powdery, 76, 181, 192 
Milk, 20, 67, 503, 507, 522, 527, 528, 
542, 624, 620, 057, 065, 680, 695, 697, 
806 

Milk sugar, 543 
Milk teeth, 504, 540, 541 
Millipede, 80, 87, 373, 390, 391 
Milt, 449 

Mimicry, 412, 428, 768, 709, 771, 772, 773 
Mi mom, 600 

Minerals, 108, 113, 116, 151, 178, 237, 244, 
246, 207, 522, 623, 624, 550 
depletion of, in soil, 839 
role in nutrition, 522, 623 
use by plants, 624 
Mink, 606, 831 
Mint famil3% 217 
Minus strain, 191, 192 
Miocene epoch, 787, 793 
Miracidium, 316, 317 
Mississippiaii epocli, 788 
Mistletoe, 56, 113, 114 
Mite, 86, 421, 427, 428, 827 
harvest. 827 
itch, 827 

Mitochondria, 32, 34, 42 
Mitosis, 36-38, 45, 272, 282, 702, 708 
Moccasin, water, 475, 476, 829 
Mockingbird, 493 
Mohl, von, 21 

Moisture, 50, 52, 58, 64, 147, 157, 193, 257, 
461, 574, 578, 581, 667, 757, 758 
(See also Water) 

Molars, 503, 504 
Molasses, 194 
Mold, 180, 192 
blue, 76 

bread, 76, 77, 181, 191-, 192 
water, 192 

Mole, 55, 66, 90, 91, 508, 509, 665, 768, 764, 

830,881 


Molecules, 14, 16, 17, 519, 522, 548, 575 
protein, 23 

Molluscoidea, 327, 329 
Mollusk, 84. 86, 92, 352, 363, 360-372, 630, 
644, 678, 788 

commercial products from, 820 
harmful, 821 

Molting, 425, 430, 466, 472, 474, 484, 697 
(See also Eedysis) 

Monarch butterfly, 772 
Monecious (see Monoecious) 

Mongolian races, 801 
Mongoose, 832 

Monkey, 90, 91, 503, 509, 512, 514, 618, 
695, 702, 764, 786 

Monocotyledons, 74, 78, 79, 120, 122, 123, 
129, 131, 205, 214, 215, 219, 221 
Monocystis, 274 
Monoecious, 299, 677 
Monohybrid, 718, 719-722 
Monotremes, 90, 503, 504, 508, 665, 680 
Monofropa, 155 
Moosts 73, 830 
Moraceae, 808 

Morgan, T. H., 725, 733, 734, 868, 869 

Morning glory, 162, 600 

Morphine, 810, 852 

Morphology, 3, 4, 225 

Mortality, 847, 850, 851 

Morula, 683 

Mosaic, 739 

Mosaic leaf arrangement, 135, 136 
Mosaic type of vision, 383, 401, 630 
Mosquito, 1, 276, 395, 417, 418, 452. 680, 
819, 826 
AedeSy 418 

Anopheles, 274-276, 418, 757. 826 
Cvlexy 275, 276 
Mosquito fish, 452 

Moss, 58, 76, 77, 97, 200. 202, 203, 204, 222, 
493, 680, 776, 806 
capsule of, 203 
club, 97, 806 
life cycle of, 202-206 
protonema of, 202-204 
role in peat formation, 204, 806 
Moss animals, 82, 83, 92, 326 
Moth, 50. 403, 417, 418, 617, 738, 822, 825 
brown-tailed, 826 
clothes, 417, 823, 824 
codling, 417, 826 
gypsy, 417, 824 
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Moth, Pronvha, 166, 166 
tussock, 823 
yucca, 165, 417 
Motion {see Movement) 

Motor end plate, 601 
Motor fibers, 611, 612, 626 
Motor neuron, 253, 601, 615 
Mountain laurel, 220 
Mountain sickness, 585 
Mouse, 605, 695 

{See also Mice) 

Mousterian races, 801 
Mouth, 226, 227, 230, 231, 232, 234, 277, 
540, 632 

{See also individual animals) 
Mouthparts, 395, 396, 411-419, 424 
Movement 229, 341, 384, 401, 475, 488, 661 
ameboid, 271 
Brownian, 27, 39 
cyclosis, 280, 554 
euglenoid, 267 
streaming, 25 
of water, 108, 123, 152 
Mucosa, 234, 235 
Mucous cell, 461, 637 
Mucous membrane {see Membrane) 

Mucus, 225, 235, 333, 342, 366, 432, 434, 
454, 540, 542, 582 
Mud puppy, 89 
Mulatto, 744 
Mulberry, 808 
Mule, 747, 750 
Mullein, 218 
Muller, Johannes, 864 
Mullerian ducts, 443 
Mullet, 452 

Multicellular organism, 288, 310, 706 
{See also Metazoa) 

Multiple allele, 716 
Multiple births, 695, 696 
Multiple factors, 744, 746 
Multiple fruit, 168, 171 
Mumps, 541, 847 
Musca domestica, 404 
Musci, 76, 77, 200 
{See also Moss) 

Muscles, 46, 230, 231, 254, 314, 352, 467, 
489,526, 583,657-668 
action of, 661, 662 
cells of, 32, 46, 296 
circular, 234, 235, 660, 661 
and exercise, 663 


Mi^cles, fibers of, 46, 657, 658, 661, 662,666 
functions of, 230, 657, 660-663 
of hair, 665 
insertion of, 231, 659 
longitudinal, 234-236 
and nerve, 661, 662 
oblique, 542 
origin, 231, 659 
sense in, 628, 632 
state of tonus of, 661 
types of, 46, 230, 231, 235, 361, 362, 480, 
594, 657-662 

{See also individual animals and animal 
groups) 

Muscular system, 229-231, 261 

{See also individual animals and animal 
groups) 

Mushroom. 76, 77, 181, 196, 519, 849 
Musical ability, 753 
Musk, 507 

Muskrat, 505, 506, 831 
Mussel, fresh-water, 360, 361-365, 371 
life cycle of, 364, 678 
Mustard, 216 
Mustela, 770 
Mustelus, 437 

Mutation, 740, 741, 798, 799 
causes of, 741 
theory, 740, 741, 868 
Mutilations, 799 
Mycelium, 191, 192, 196 
Myelencephalon, 249, 251, 604 
Myotome, 432, 442 
Myriapoda, 86, 92, 373, 389 
Myristica, 812 
Myrmecophagidae, 761 
Mysisy 391, 392 
Mystacoceti, 90, 512 
Myxedema, 622 
Myxinoidea, 436 
Myxomycetes, 76, 181, 182 
Myxophyceae, 76, 180 

N 

Nacreous layer, 362 
Naiad, 403 
Nails, 665, 762, 763 
or^n of, 685 
Nais, 674 

Names, scientific and common, 67-69 
Narcotic, 852 
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Nares, 227, 246, 255 

(Saa also Nostrils) 

Nasal, bones, 228, 647 

Nasal capsule, 227 

Nasal cavity, *227, 261, 582, 633, 690 

Nasal orifice, 488 

Nasal sac, 262 

National parks, 835, 844, 845 
Nairix, 464 

Natural immunity {see Immunity) 

Natural selection, 758, 797, 865, 867 
Nature vs. nurture, 753 
Nature’s balance, 58, 69, 60, 65, 756 
Naudin, 711 

Nauplius, 385, 388, 391, 392, 783 
Nautilus, 84, 360, 361, 368, 370, 630, 788 
Neanderthal man, 800, 801 
Nearctic, 67, 58, 874 
Nearsighted {see Sight) 

Nevator, 322, 323, 324 
Neck, 482, 483, 489 
Nectar, 164, 411, 822 
NecturuSy 456 
Negri bodies, 849 
Negro, 744 
Negroid races, 801 

Nemathclminthes, 82, 83, 92, 312, 321-324, 
329, 817 

Nematocysts, 294, 296 
Nematodes, 82, 321 

{See also Nemathclminthes) 
Nematomorpha, 82, 321 
Nemertinea, 82, 92, 312, 319, 320, 589 
Neornithes, 88, 480, 495 
Neoteny, 459 
Neotropical, 67, 874 

Nephridia, 331, 333, 334, 336,336,339,346, 
349, 389, 434, 688, 589, 595 
Nephridiopores, 334, 336, 339, 340, 376, 589 
Nephrostome, 247, 336, 336, 339, 340, 590 
Nereids, 344 

Nereis virens, 82, 83, 331, 344-347, 349 
Nerve axon, 601 

Nerve ceU, 46, 253, 296,297,340,401,610 
Nerve center, 416 

Nerve cord, 318, 336, 338, 340, 341, 344, 
380, 382, 397, 400, 401, 430, 431, 
432, 697, 601 
{See also Spinal cord) 

Nerve dendrites, 601, 602 
Nerve fibers, 252, 383, 466, 608, 614, 665, 
666 


Nerve ganglia of, 253, 612, 613 
Nerve impulse, 611, 615, 616 
Nerve nets, 297, 309, 314, 597, 601 
Nerve processes, 601, 602, 603 
Nerve ring, 303, 363, 354 
Nerve roots, 253, 611 
Nerves, 336, 383, 601-615, 661, 665 
accelerator, 612, 614 
cranial, 251, 253, 608, 611 
endings of, 601, 628, 665, 666 
inhibitor, 612, 614 
medullated, 602 
motor, 253, 254, 434, 611, 612 
sensory, 253, 254, 434, 611, 612 
spinal, 253, 611, 612 

Nervous systems, 466, 501-518, 662, 666, 
667, 852 

autonomic, 249, 261, 466, 610-616, 662 
central, 249, 253, 340, 601, 603-616 
cerebrospinal, 603-616 
embryonic, 603 
inherited characters of, 752 
network, 297, 697 
parasympathetic, 613, 614 
peripheral, 249, 340, 610-616 
sympathetic, 249, 610-616 
tissue of, 602, 685 

{See also individual animals) 

Nest building, 489, 774 
Nests, alligator, 472, 679 
bird, 493, 697, 774 
dinosaur, 790 

fish, 449, 450, 452, 679, 697 
insect, 412, 414 
turtle, 467, 679 
Neural arch, 648 
Neural canal, 609 
Neural crest, 690 
Neural fold, 603, 687 
Neural groove, 260, 609, 686 
Neural plate, 686, 687 
Neural spine, 228, 647 
Neural tube, 432, 604, 609,* 686, 687, 690 
Neural vessels, 336-338 
Neurilemma, 601 
Neurocoele, 252 
Neuroglia, 602 

Neuromotor apparatus, 283, 284 
Neuron, 340, 400. 601, 602, 613 
adjustor, 264 
association, 602, 615 
commissural, 264 
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Neuron, motor, 253, 601, 615 
sensory, 253, 602, 615 
Neuropodium, 345, 346 
Neuroptera, 413, 414 
Neutrons, 18 
Newt. 92, 454, 455 
NHz, 25. 64, 520, 591 
Nicot, 853 

Nicot ine, 217, 852, 853 
Nicotinic acid, 526 

Nictitating eyelid, 226, 255, 468, 470, 481, 
488, 631, 781, 782 
Night blindness, 526, 756 
Nighthawk, 499 
Nightingale, 493 
Nightshade. 217, 812 
Nitrates, 62, 63, 64 
Nitrifying bacteria, 63, 64 
Nitrogen, 63-65, 140, 520, 522, 534, 573, 581 
fixation of, 524, 534 
Nitrogen cycle, 63, 806 
Nitrogen-fixing bacteria, 63, 64, 807 
Nitrogenous compounds, 54, 63, 151 
wastes, 400 
Noctiluea, 287 
Node, 113, 118, 128, 129 
Nomenclature, binomial system of, 70 
rules for, 75 

Nondisjunction, 736, 737 
Nose. 226, 503, 578, 629, 634, 801 
Noscmat 813 

Nostrils, 226, 230, 250, 255, 437, 446, 448, 
454, 461, 470, 476, 481, 487, 512, 761- 
763, 767 

Notochord, 260, 430-432, 434, 435, 442, 
685-689, 691 
Notopodium, 346, 346 
Nuclear changes {see Mitosis) 

Nuclear membrane (see Membrane) 
Nucleolus, 32, 35, 42, 602 
Nucleus. 32, 34, 35, 42, 196, 208, 237, 267, 
272, 278, 296, 661, 701, 864 
of atom, 15 
of cell, 35, 36, 37, 42 
of egg, 42 

(See also Meiosis) 
endosperm from, 167, 682 
polar, 166, 167 
of sperm, 42 

(See also Meiosis) 
in tube, 166, 167 
Numrmdiiest 286 


Nuptial flight, 409 
Nut. 170 
Nutation, 124 
Nuthatch, 499 
Nutrition, 158, 521-531, 686 

(See also individual animals) 

Nuttal, 786 
Nymphs, 403, 414 

O 

Oak, 70, 74, 75, 78, 130, 205, 215, 218, 824 
Oat, 173, 219, 807, 826 
Obelia, 80, 81, 294, 300-302, 304, 310, 680, 
817 

Oblique muscles, 542 
Obstetrical frog, 469 
Occipital condyles, 227, 503, 647 
Occipital lobe, 606, 608, 637 
Ocelli, 395, 396, 397, 401, 406 
Oct ilia, 49 

Octopus, 84, 92, 361, 368-370, 820 
Oculomotor nerve, 253, 872 
Odd-toed ungulates, 90, 91, 511 
Odonata, 413, 414 
Odontoceti, 90, 512 
Odors, 161, 182 
Oenothera, 799 

Oesophageal ganglion (see Esophageal 
ganglion) 

Oesophagus (see Esophagus) 

Oil, 222, 277, 484, 807, 834 
castor, 532 
cottonseed, 808 
fish, 444, 527, 828 
linseed, 808 
olive, 520 
shark, 444 
soybean, 807 
volatile, 809, 812 
whale, 508 
Oil gland, 484, 503 
Olpa, 807 
Oleomargarine, 521 
Olfactory bulb, 608 
Olfactory capsule, 255 
Olfactory cells, 255 
Olfactory chambers, 246, 255, 633 
Olfactory lobes, 260, 441, 486, 489, 697, 
604, 607, 608 

Olfactory membranes, 683 
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Olfactory nerves, 260, 262, 253, 633, 872 
Olfactory, organs, 690 
Olfactory pits, 401, 409, 436, 690 
Olfactory receptors, 628, 633 
Olfactory tracts, 608 
Oligocene epoch, 787, 798 
Oligochaeta, 82, 83 
Omrnatidia, 383, 395, 401, 409, 630 
Omnivora, 535, 536, 760 
Onion, 219 
bulb of, 126 

chromosomes of, 104, 702 
root tip of, 104 
Ontogeny, 391 

(Inycophora. 86, 87, 92, 373, 389 
()(k:yst, 276, 814 
Oocyte, 704, 706 
Oogenesis, 704, 705 
Oogonium, 184, 704, 706 
Ookinete; 276 
Ooze, 286, 287 

Operculum, of animals, 261, 364, 446, 601 
of mosses, 203 
Ophiopluleus, 356 
Ophiura, 366 

Ophiuroidea, 84, 86 , 350, 357 
Oplithalmic artery, 238, 239, 380 
Opium, 810, 852 

Opossum. 90, 608, 509, 695, 774-777, 816 
Opsonin, 567 
Optic capsule, 227, 647 
Optic chiasma, 260, 251, 608, 611, 642 
Optic cup, 690 
Optic ganglia, 383, 397 
Optic lobes, 260, 251, 252, 254, 441, 448, 
486, 597, 604 

Optic nerve, 262, 253, 254, 255, 383, 611, 
636, 637, 854, 872 
Optic pathways, 637, 638 
Optic stalk, 606, 690 
Optic vesicles, 603, 690 
Optical illusions, 638 
Optimum, 49, 284, 285 
Opuntia, 49 
Oral cavity, 639 
Oral groove, 277, 278 
Oral hood, 433, 435, 436 
Oral ossicles, 351 
Orangutan, 514 
Orbit, 255 
Orchid, 78, 102, £19 


Orders, 72 
of birds, 495-499 
of insects, 412-419 
of mammals, 509-513 
Ordovician period, 788, 789 
Organ of Corti, 641 
Organelle, 271, 279, 326 
Organic compounds, 7, 8, 23, 522 
Organic constituents of protoplasm, 23 
Organic evolution, 780-801 
Organisms, of decay, 62, 63 
multicellular, 46 
pathogenic (.vn; Parasites)^ 
unicellular, 265-287 
Organization. 46, 47, 65, 67-75, 295 
Organs, 44, 46 
Oriental realm, 27, 874 
Oriental sore, 816 
Origin, of flight, 479, 480 
of life {see Abiogencsis) 
of species, 718, 780, 797, 798, 867 
Ornilhodorus, 427 
Ornithologists, 480, 495 
Ornithorhynchus, 508 
OrohippuSy 793, 794 
Orthogenesis, ,797, 798 
Orthoptcra, 394-403, 412, 413 
Osborne, 759 

OscilUUoriay 76, 77, 180-182 
Osculum, 290, 291 

Osmosis, 38-41, 108, 109, 123. 522, 535, 
664-557, 758 
Osmotic pressure, 40 
Osphradium, 364 
Ossicles, 351, 363, 376, 650 
Osteichthyes, 86, 437, 445 
Ostium. 258, 308, 380, 381, 382, 399, 443, 
557 

Ostracods, 386 

Osirea, 367, 368 

Ostrich, 89, 483, 495, 496, 830 

Ova. 680 

Ovarian follicles, 681 

Ovary, animal, 233, 258, 295, 296, 299, 318, 
328, 335, 341-343, 364, 386, 401, 409, 
410. 425-443, 490, 620, 673-^1, 713, 
716 

pl^t, 161, 162, 164, 166, 167, 168, 217, 
£18, 220,673 

(See also individual plants and ani¬ 
mals) 
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Oviduct, 280, 238, 258, 334, 886, 341, 385, 
897, 402, 410, 449, 673, 679, 680, 
681,694 

(See also individual animals) 

Oviparous animals, 417, 464, 466, 467, 679, 
692, 774 

Ovipositor, 165, 397, 398, 402, 408, 678 
Ovists. 671 

Ovoviviparous animals, 443, 449, 464, 466, 
679, 692 
Ovulation, 681 

Ovule, 161, 164, 210, 213, 220, 682, 721 
Ovum (see Bgg) 

Owen, Richard, 860 
Owl, 89, 483, 497, 498, 782 
Ox. 649 

Oxidation, 24, 123, 156, 532, 548, 551, 574. 

575, 586, 620, 663, 666, 676 
Oxygen, 15, 23, 55, 62-65, 110, 111, 119, 
140-144, 151, 156, 157, 174, 208, 237, 
244, 245, 246, 259, 297, 308, 338, 339, 
346, 363, 381, 382, 408, 434, 441, 487, 
519, 520, 548, 550, 573-576, 581, 582, 
586, 662, 663 
atom of, 16, 24 
use in respiration, 573-582^ 

(See also individual plants and animals) 
Oxygen cycle in nature, 64, 65 
Oxyhemoglobin, 339, 576 
Oyster, 84, 92, 356, 360, 361, 867, 368, 820 
Oyster drill, 366, 867, 821 


Pachyderm, 511 
Paddlefish, 452 
Paedogenesis, 417, 459, 680 
Pagurus, 388 

Pain, 256, 628, 632, 665-667 
points of, 628, 681, 632 
referred, 632 
Palaeanthropus, 800 
Palatine bone, 227 
Palearctic realm, 874 
Paleocene epoch, 793 
Paleontology, 394, 787, 799, 860 
Paleozoic era, 204, 358, 894, 461, 788- 
Palingenic, 782 
Palisade tissue, 182, 134 
Pallial line, 861, 362 
Pallium, 605 


Palm, cocoanut, 117 
date. 711, 857 
“sago,** 211 
Palmate, 189-182 
Palp, crayfish, 384 

insect, 395, 396, 406, 407 
mollusk, 362 
Nereis, 345 

Pancreas, 230, 233-286, 261, 439, 440, 442, 
486, 487, 502, 633, 537, 639, 540, 543, 
662, 620, 625 
Pancreatic arteries, 239 
Pancreatic duct, 234, 236, 543 
Pancreatic juice, 424, 543 
Pangene theory, 796 
Pangolin, 90, 509 
Panicle, 160 
PapfLver, 810, 852 
Papillae, 351 
of hair, 664, 665 
of kidney, 592, 593 
oral, 389 
of skin, 256, 664 
of tongue, 231, 255, 638 
Pappus, 220 
Paragordius, 322 
Paralysis, 276, 849 
infantile, 849 

Paramecium, 80, 81, 92, 266, 277-288, 552, 
618, 644. 672, 676 
aurelia, 283 

behavior of, 283-285, 600, 617 
bursaria, 288 
caudatum, 92, 277-285 
Paramylum, 267 
Parapodia, 345, 346, 347 
Parasis, 276 

Parasites, 24, 52, 53, 56, 58, 65, 198, 266, 
274-277, 288, 312, 315-319, 321-324, 
412-419, 427, 534, 756, 817-«19, 847, 
865 

plant, 155, 186, 189-198, 806, 848, 849 
Parasitic fiatworms, 315-319, 817 
Parasitic insects, 412-419, 826-828 
Parasitig life, 52, 53, 55, 56 
Parasitic protozoa, 24, 274-277, 288, 813- 
816 

Parasitic roots, 118 

Parasitic roundworms, 321-324, 817, 819 
Parasitism, 55, 288, 320, 321, 324, 372, 387 
Parasitology, 786 

Parasympathetic nervous system, 613 
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Parathyroid, 620, 623 
Parenchyma, of animals, 316 
of plants, 44, 121, 123, 132 
Parental care, 493, 679, 695-^97 
Paresis, 276 

Parietal blood vessels, 241, 338, 339 
Parietal bones, 228, 647 
Parietal lobe, 606 
Parotid gland, 641, 542 
Parrot, 89, 496 

Parthenogenesis, 269, 327-329, 355, 675, 
676, 739 

artificial, 358, 676 
Parthenogenetic colony, 269 
Partridge, 68, 843 
Passenger pigeon, 795, 843 
Passeriformes, 499 
Passive immunity, 569 
Pasteur, Louis, 11, 12, 24, 187, 670, 813, 
848, 865 
PasteurcUat 848 
Pasteurization, 529, 849, 865 
Patagium, 765, 766 
Patella, 364, 424, 490, 647, 661, 655 
Pathogenic bacteria, 187, 190, 191, 567, 806 
Pathogenic fungi, 197 
Pathogenic protozoa, 265, 274-277, 288, 
813-816 
Pathology, 4 
Paurometabolous, 403 
Pavlov, 616 

Pea, 111, 131, 169, 176, 178, 217, 600, 717, 
718, 719-720, 723-725, 820, 868 
chromosomes of, 702. 719, 723 
family of, 216, 807 
sweet, 162, 217, 741, 743 
Peach, 168, 216 
Peanut, 217, 807 
Pearl, 368, 371, 372, 820 
Pearl buttons, 370, 820 
Peat, 204, 806 
Peat bog, 204 
Peat moss, 204, 806 
Pebrine, 813 
Pecten, 368, 404, 407 
Pecten of bird eye, 488 
Pectoral fin, 438, 441, 446, 447, 691 
Pectoral girdle, 227, 461, 468, 490 
Pectoral muscles, 480 
Pectoralis major, 659 
Pedal ganglion, 362 
Pedicel, 648 


Pedicellariae, 351, 352, 355 
Pediculus^ 416, 416 
Pedipalpi, 423-425 
order of, 421, 426 
Peduncle, of brain, 607 
of plant, 161 
Peking man, 800 
Pelecaniformes, 496 
Pelecypoda, 84, 86, 92, 361, 368 
Pelican, 482, 496, 500 
Pellagra, 528, 850, 854 
Pellicle, 33, 271 

Pelvic bones, 228, 229, 649, 661, 652, 664, 
655 

Pelvic fins, 438. 441, 443, 445, 447, 450 
Pelvic girdles, 227, 461, 468, 490, 649, 661 
Pelvis, 228, 229, 640, 661, 664, 655 
of kidney, 692, 593 
Pen, of squid, 369 
Penguin, 89, 495 
PennaeuSy 391, 392 
Pennsylvanian epoch, 394, 788 
PcntacrinnSy 368 
Pentadactyl limb, 468, 649 
Pepo, 168, 170 
Pepper, 217, 812 
Peppermint, 217, 812 
Pepsin, 235, 531, 542, 543, 786 
Peptidase, 532 
Peptones, 236, 532, 542, 543 
Perch, 86, 87, 437, 452, 604, 828 
Perennials, 103, 118 
Perianth, 161 

Pericardial cavity, 242, 362 
Pericardial sinus, 381, 424 
Pericardium, 242, 439, 443, 558 
Pericarp, 168 
Pericycle, 107 
Perilymph, 256, 642 
Periods, geological, 787-795 
Periosteum, 610, 646 
Periostracum, 362 
PeripatuSy 86, 87, 92, 373, 389 
Peripharyngeal groove, 434 
Peripheral nervous system, 253, 603, 610- 
616 

Perisarc, 301 

Perissodactyla, 90, 511 

Peristalsis, 234, 236, 337, 840, 538, 644; 

646, 552, 661 
Peristome, 346 
Peristomium, 345, 846 
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Peritoneum, 236, 334, 386 
parietal, 234 
visceral, 234 
Perivisceral sinus, 381 
Periwinkle, 366 
Permeability, 39, 40, 108 
Permian epoch, 503, 788 
Perspiration (wc Sweat) 

Petals, 161, 164, 167, 215, 216, 219 

Petiole, 128, 129, 130 

Petrels, 496 

Petromyzon, 438 

Petromyzontia, 436, 438 

Petunia, 217, 740 

Pfeffer, William, 864 

Phaeophyccae, 76, 180, 185 

Phagocytes, 237, 567 

Phagocytosis, 667 

Phalanges, 228, 229, 647, 649, 661 

Phalangiclae, 421, 426 

Pharyngeal clefts or slits, 430, 432, 433 

Pharyngitis, 584 

Pharynx, 230, 266, 639, 540, 677, 633, 641 
(See also individual animals) 

Phase, of cell division, 36, 38 
of protoplasm, 27 
Phascolus, 746 
Phasraidae, 413 
Pheasants, 496, 598 
Phenotype, 719, 720, 735 
PhilodinOf 119, 120 
Phloem, 44, 107, 119-124, 134, 162 
Phocidae, 72 
Pholidota, 90, 509 
Phoronidea, 329 

Phosphorus, 22, 62, 140, 522-524, 541, 546, 
550, 623, 657, 841 

Photosynthesis, 65, 98, 109, 116, 124, 128, 
140-145, 151, 162, 182, 193, 267, 268, 
519, 575, 587, 864 
and respiration, 143 

Phototropisin, 112, 125, 136-138, 596-599 

Phrynosoma, 472, 473 

Phthiriiis, 416 

Phycomycetes, 76, 181 

Phyllium, 772, 773 

Phyllotaxy, 134, 136 

Phylogeny, 391 

Phylum, 73-75, 349 

Physalia, 294, 306, 306, 310 

Physical basis of life, 21 

Physiology, 225, 786, 859, 864 


PhytonomteSy 416 

Pia mater, 250, 252, 499, 609, 610 
Piciformes, 499 
Pierisy 417 

Pigeon, 496, 525, 604, 680, 786, 786, 795, 
829, 843 
Pigment, 226 

Pigment cells, 364, 383, 401, 630, 663 
Pig, 90, 315, 319, 503, 511, 636, 549, 695, 
763, 783, 786, 815, 830 
Pilidium larva, 319, 320 
Pill bug, 389 
Piltdown man, 800 
Pine, 79 

cones of, 60, 210 
ground, 205 

life cycle of, 210, 212, 213 
stem of, 79, 705 

Pineal body, 260, 442, 604, 606, 620, 625 

Pineal stalk, 251 

Pineapple, 168 

Pinna, 640 

Pinnate, 130 

Pinnipedia, 510, 511 

Pinworm, 321 

PipOy 460 

PiroplasmOy 427, 813 

Pisces, 46, 87, 92, 436, 437, 452 

Pistil, 161-167 

Pistillate cones, 210 

Pistillate flowers, 163, 164, 677, 678 

Piswiiy 717 

Pit organs, 442 

Pit viper, 475, 476 

Pitcher plant, 61, 534 

Pith, 162 

Pith rays, 123 

Pithecanthropus erect us, 799, 800 
Pituitary, 251, 263, 442, 606, 607, 620, 623- 
625 

Placenta, 443, 504, 509, 680, 687, 693, 694, 
775 

of plants, 168, 169 
Placental mammals, 509-514, 787 
*Placoi4 scale, 437, 445, 446 
Plague, 806, 848 
Plains animals, 55, 769 
Planaria, 82, 83, 312-315, 674 
Plant, biology, 97-222, 688 
breeding of, 711 

chemical requirements of, 22, 624 
life, wealth of, 97 
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Plant, life, digestion in, 5^*2-584 
products, 801) 
as a whole, 151-158 
Plantigrade feet, 504, 512, 660, 761 
Plants, 52, 60, 65, 67, 97-222, 519, 633, 
688, 758, 788, 868 
ciirnivorous, 149* 164, 155 
without chlorophyll, 181, 186-197 
classification of, 74-79 
dependent seed, 166, 156, 197 
cconondc importance of, 222 
groups of, 97 

long- and short-day, 598, 699 
relations of to man, 805-S18 
response of to stimuli, 596-600 
seed, 78, 97 -178, 210-222, 807-818 
sensitive, 600 
vascular, 78, 97, 204-222 
JManula, 802, *307, 809 
Plasma, 287, 887 

of blood (.S77' lllood) 

IMasnia iiicmbraiie (.S77, Membrane) 

Plasmocflurn, 80, 81, 266, 274-277, 816, 865 

Plasniolysis, 88, 41 

Plasinosome, 32, 85, 42 

Plastid, 32, 88, 41 

Plastron, 468 

l^latelels (see Illood) 

Plato, 858 

Platyhclmiiilhes, 82, 83, 92, 812, 321, 817 
regeneration of, 316 
Plat>Trhiiii, 512 
Plecoptera, 414 

Pleistocene epoch, 787, 793, 800 
Pleopods, 875, 879 
Pleura, 677, 578 
Pleural cavity, 677, 578 
Pleurisy, 578 
Pleurobranchiae, 882 
PIcuron, 875 
Plexus, 251, 258, 613 
Pliny the Elder, 859 
Pliocene epoch, 787, 793 
Pliohi'p'puSy 793, 794 
Ploidy, 741 
Plover, 496 

Plumule, 176-178, 682 
Plus strain, 191, 192 
Pneumonia, 191, 584, 847 
Pod, 169, 216, 217, 719 
Podobranchiae, 882 
Podophrya, 80, 266, 286, 286 


Poikilothermic, 666 

Poison, 296, 408, 423, 424, 426, 426, 458, 
570, 827, 850, 852, 853, 854 
in claws, 424 
in fangs, 473, 476 
first aid for, 477 
glands for, 458, 476 
hemlocii:, 217 
ivy, 112 
mushroom, 195 
sac for, 407, 408 
in sting, 827 

Poisonous amphibians, 458 
Poisonous plants, 112, 195, 217 
Poisonous snakes, 475-477 
Polar bear, 708, 767 
Polar bodies, 299, 704-709, 737 
Polarity, 815, 716 
Pole, animal, 259, 260 
vegetal, 259, 260 

J^oliomyclitis {see Infantile paralysis) 

Polled cattle, 740 

Pollen, 51, 162, 164, 166, 167, 210, 218, 220, 
406, 408, 412, 585, 706, 721, 851 
Pollen basket, 404, 407 
Pollen brushes, 404, 407 
Pollen comb, 407 
Pollen spur, 407 

Pollen tube, 164, 167, 210, 213, 705 
Pollination, 164-167, 212, 213, 759 
agencies {or, 164 
artificial, 711 

close or self, 164, 166, 717 
in pine, 212, 213 

role of insects in, 164, 411, 821, 822 
wind, 166 
4>f yucca, 166 
Pollution {see Water) 

Polychaeta, 82, 83 

Polyclad, 313 

Polydactyly, 752 

Polygonaium, 221 

PolygordiuSy 82, 331, 332 

Polymorphism, 304, 806, 306, 310 

Polynesian, 874 

Polyp, 294, 300-304, 309, 310 

Polyploidy, 741 

Polysipkonia, 76 

Polytoma, 828 

Polytrichum, 76 

Pome, 168, 170 

Pongidae, 514 
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Pons varolii, 607, 608 
Pontine flexure, 600 
Poplar, 159, 218 

Poppy, 147,169, 170, 172, 807, 810, 811, 852 
Pores, of earthTi^orm, 333, 834, 351 
excretory, 278, 363, 382 
in, gills of mollusks, 363 
lateral line, of shark, 442 
of membranes, 40 
of plants, 200 
of sponge, 308, 309 
wax, 410 

Porifera, 80, 81, 92, 290, 291-293 
Pork tapeworm {see Tapeworm) 

Porpoise, 90, 512, 781 
Portal systems, 240, 241, 441, 538, 562, 563 
Portal vein, 547, 548, 559, 562, 563 
Porthetria, 417, 824 
Portuguese man-of-war, 305, 306 
Postcar dial vein, 440, 441, 466 
Postcaval vein, 240, 241, 243, 466, 487, 547, 
561 

Posterior choroid plexus, 251 
Posterior mesenteric artery, 238, 239 
Posture, 654, 655, 661 
of foot, 504, 761, 762 
Potassium, 62, 522, 676 
Potato, 34, 103, 126, 127, 217 
family of, 217 
Potato beetle, 825 
Potential energy {see Energy) , 

Pouched mammals, 91, 508, 509 
Powdery mildews (see Mildews) 

Prairie dog, 507, 778 
Prawn, 388 

Praying mantis, 412, 414 
Precaval vein, 240, 241, 243, 244, 487 
Precipitins, 569, 786 
Precocial young, 492, 495 
Preformation, 671 
Prehallux, 229 
Prehension, 503 
Prehistoric man, 799-802 
Premaxillae, 228, 468, 647 
Premolars, 504, 510 
Pressure air, 641 
barometric, 585 
contraction, 109 
growth, 109 
hydrostatic, 40 
osmotic, 40 
root, 109 


Pressure turgor, 109 
water, 768 

Pressure points, 631, 632 
Priestly, 573 

Primates, 90, 502, 512-514, 680 
Primitive area, 2 

Primordial germ cell, 701, 704, 706 
Primrose, 702, 740, 799 
Prismatic layer. 362 
Proboscidea, 90, 91, 511 
Proboscis, 341, 345, 431, 510 
Procavia, 512 
Procellariiformes, 496 
Process, odontoid, 653 
spinous, 653 
transverse, 653 
vertebrae, 653 
Proctodeum, 261, 690 
Progesterone, 626 
Proglottids, 318, 319 
Prolactin, 624 
Pronephric duct, 590 
Pronephric tubules, 590 
j^nephros, 247, 436, 589, 590, 595, 783 
Pronuba moth, 165 
Pro-otic, 228 
Prop roots, 112-114 
Prophase, 36, 37 
Propolis, 410 
Prosecretin, 543 
Prostate gland, 681 

Prostomium, 332, 333, 335, 337, 345, 346 
Protease, 153 

Protective coloration, 428, 449, 452, 507, 
768-773, 775 
(See also Coloration) 

Proteinases, 153, 532 

Proteins, 8, 23, 62, 63, 109, 140, 141, 151, 
153, 190, 235, 236, 337, 519, 520, 521, 
531, 532, 535, 538, 542, 543, 544, 546- 
550, 562, 622, 662 
metabolism of, 248, 591 
molecules of, 23, 520 
synthesis of, 151 
Proteoses, 543 
Proterozoic era, 788 
Prothallium, 207 
Prothorax, 395, 896 
Prothrombin, 567 
Protista, 99 
Protochordates, 431 
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Frotococcus, 76, 180, 182, 183-186, 683, 
688, 671, 672 
Protohi'ppus^ 794 
Protonema, 202, 208 
(See also Moss) 

Protonephridia, 332, 589 
Protons, 15 
Protophyta, 92 

Protoplasm, 8, 9, 21, 25-28, 41, 97, 151, 
190, 522, 532, 534, 549, 550, 574, 601, 
661, 868 

activities of, 8-10 
chemical composition of, 22-25 
physical nature of, 25-28 
theories of structure of, 25, 26 
Protoplast, 33 
Protopodite, 376, 376-379 
Proto'pterus, 447, 460 
ProtorokippuSy 794 
Prototheria, 90, 508 

Protozoa, 31, 59, 80, 81, 92, 265-288, 293, 
310, 314, 534, 589, 595, 601, 644, 076, 
703, 813-816, 849, 851, 865 
beneficial, 813 

parasitic, 274-277, 288, 813-816 
soil, 813, 851 
synfibiotic, 287 
Protozoea, 391, 392, 675 
Protractor muscle, 341 
Proventriculus, 334, 407, 408, 486 
Pruning, 117 
Psalterium, 636 
Pseudacris, 458 
Pseudococcus, 416 
Pseudopleuronectes, 446 
Pseudopods, 271, 272, 313 
Pseudosuga, 117 
Psilopsida, 78, 205 
Psittaciformes, 496 
Psittacosis, 848 
Psocoptera, 414, 415 
Psychology, 4 
Psychozoic era, 787 
Pteridophytes, 97, 204, 213, 806 
Pteris, 205 

Pterodactyl, 766, 787 

Pteropsida. 78, 79, 97, 205-209, 806 

Pterosaur, 464 

Pterygoid, 227 

Ptomaines, 190 

Ptyalin, 542, 543 

Pubis, 229, 490, 647, 649, 654 


Public health, 265, 805, 851 
Puccinta, 195 
Puffball, 96. 181, 194 
Pulex, 419 

Pulmocutaneous arches, 238, 242, 243 
Pulmocutfineous arteries, 238, 242 
Pulmocutaneous veins, 242 
Pulmonary arteries, 238, 462, 486, 487, 647, 
669, 561, 678 

Pulmonary circulation, 241, 243, 561 
Pulmonary veins, 240, 241, 462, 486, 487, 
669, 678 
Pulse, 563 
Pulvillus, 398 

Pupa. 276, 403, 404,406,410, 418, 419, 777, 
822, 823,^24 

Pupil, 256, 476, 618, 636, 636, 637, 660 
vertical, 476, 829 

Pure Food and Drug Act, 529, 530, 852 
Pure lines, 740 
Purkinje, 21 
Pus, 567 

Pycnogonida, 427 
Pygostyle, 489, 495 
Pyloric caeca, 351, 362, 363 
Pyloric opening, 234 

J’yloric portion of the stomach, 234, 351, 
376, 380, 542 
Pyloric valve, 234, 439 
Pylorus, 234, 236 
Pyramids, 692 
Pyrenoid, 267 
Python, 474, 476, 782 

Q 

Quadrate bone, 504 
Quadriceps, 669 

Quail, 68, 492, 496, 598, 829, 843, 844, 846 
Quarantine, 806 
Quartan malaria, 274 
Quarternary, 787, 793 
Queen Anne’s lace, 217 
Queen bee, 406, 409-411 
(See also Bee) 

Quercus, 74, 75 
suber, 809, 812 
Quinine, 810 

R 

Rabbit, 59, 90, 476, 503-510, 529, 695, 
773. 783, 798, 814, 829-832, 848 
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Rabies, 84S 

Raccoon, 505, 510, 511, 598, 831 
Raceme, 160, 218 
Races of man, 799-801 
Caucasian, 801 
Mongolian, 801 
Negroid, 801 
Rachis, 132 
Racial immunity, 569 
Radial arteries, 353, 569 
Radial canals, 303, 306, 352 
Radial nerve, 362, 363 
Radial symmetry, 295, 300, 358 
Radiation, 666, 759 
Radicals, 19 
amino, 520 
carboxyl, 520 

Radicle, 176, 176, 177, 178 
Radiolaria, 273, 286, 287, 813 
ooze, from, 287 
role in rock formation, 288 
Radio>ulna, 228, 229 
Radish, 216, 748 
Radium, 741 

Radius, 490, 647, 649, 661, 655 
Radula, 365 
Ragweed, 218 
Rail, 496 

Ramus, gray, 612-614 
white, 612-614 
Rana areolat-e, 226 

catesfriana, 225, 226, 458 
clamitans, 458 
pipiens, 225, 226, 458 
Ranunculacea, 216 
Raphe, 176, 176 
Raspberry, 168 

Rat, 495, 503, 508, 509, 524-529, 535, 
598, 618, 626, 695, 761, 818, 826, 831, 
848 

Ratitae, 476, 480, 495 

Rattles, 476, 663 

Rattlesnake, 474, 475, 476, 829 

RaUus, 831 

Raven, 72, 649 

Ray, John, 69, 863 

Ray, sting, 86, 437, 438, 444 

Ray ceUs, 123 

Rayon, 808 

Rays, of fins, 432, 433 
medullary, 120, 124 
of starfish, 350^ 361, 355 


Reactions to stimuli, 268 
Realms, life or geographical, 67, 58, 874 
Reassortment of chromosomes {see Chromo¬ 
somes) 

Recapitulation, theory of, 391,392, 590, 782 
Receptacle, 161, 167, 168, 216, 683 
Receptors, 255, 601, 612, 628, 631, 632, 636 
Recessive characters, 718, 719, 720 
Rectal ciieca, 352, 363, 354 
Rectal glands, 439 

Rectum, 230, 233, 234, 236, 260, 352, 363, 
397, 408, 432, 439, 502, 633, 545, 660 
Rectus abdominis, 669 
Red algae, 180, 186 
Red blood corpuscles {see Blood) 

Red bone marrow {see Bone) 

Red bud, 217 

Red bugs, 427, 827 

Red clover, 411, 823 

Red snapper, 452 

Rcdi, Francesco, 10, 11, 864 

Redia, 316, 317 

Reduction division {see Moiosis) 

Redwood, 97, 122, 844 
Reflex action, 251, 253, 257, 340, 601, 612- 
617, 663 

unconditioned, 616, 617, 618 
Reflex arc, 615, 616 
Reflex behavior, 618 
Reflex center, 606, 608, 610 
Reflex, clasping, 257 
conditioned, 616, 617 
Refraction, 636 

^Regeneration, 297, 311, 314, 316, 319, 341, 
366-358, 385, 458, 567, 672, 674 
Renaissance, 859, 860 
^enal artery, 248, 440, 441 
Renal corpuscle, 247, 248, 590-593 
j|enal portal system, 240, 241, 244, 410, 
J 466, 590 

Renal veins, 240, 247, 248, 440, 441, 669 
Rcnnin, 542, 543 

Rcbroduction, 9, 28, 90, 98, 670-698 
^exual, 159, 183, 184, 200, 202, 206, 

\ 298, 300, 301, 309, 315, 670-697 
by budding, 295, 296, 298, 300-302, 309, 
672, 674 

by fission, 268, 309, 311, 315, 671. 672 
by grafting, 674, 676 
by paedogenesis, 417, 459, 680 
by parthenogenesis, 269, 328, 329, 355, 
675, 676, 739 
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Reproduction, by regeneration, 297, 811, 
314, 319, 841, 356, 385 
sexual, 159, 167, 183, 184, 200, 20G, 207, 
257, 209, 298, 299, 302, 309, 815, 
341-343, 384, 385, 401, 442, 443, 
674, 670-698 

by sporulation, 192, 201, 203, 207, 274, 
276, 675 

Reproductive cells {srr Kggs; Sperm) 
Reproductive organs, 99, 120, 148, 234, 300, 
308, 315, 012 

{Sec also individual plants and animals) 
Reproductive systems, 201, 313, 315, 442, 
443, 590, 613 

Reptiles, 73, 88, 89, 92, 431, 403-477, 479, 
480, 482, 488, 489, 491, 504, 505, 557, 
591, 004, 063, 600, 070, 087, 002, 690, 
784, 780-789 

adaptations of, for life on laud, 405 

advances shown by, 405 

age of, 787, 789, 793 

ancestry of, 463 

embryology of, 400, 092 

flying, 404, 479 

fossil, 403, 404 

importance of, 477 

poisonous, 702, 829 

useful, 829 

Reservoir {see Euglena) 

Resin, 147, 160, 812 
Resources, human, 846 
natural, 2, 834-840 

Respiration, 62, 98, 110, 143, 152, 150. 233, 
245, 240, 268, 271, 573-586, 018, 633, 
003, 660, 086 
aerobic, 150, 574, 575 
anaerobic, 150, 157, 574, 575 
artificial, 582, 583 
and breathing, 245, 574 
cell, 42 

external, 246, 574, 578, 582, 585 
and fermentation, 193 
internal, 246, 467, 574-582, 585 
and photosynthesis, 143 
plant, 110, 143, 144, 675, 676, 585 
pulmonary, 574 
tissue, 574, 575 
types of, 674 

{See also individual plants and animals) 
Respiratory center, 579 
Respiratory diseases, 584 


Respiratory organs, 110, 119, 143, 245, 240, 
354, 363, 399, 424, 441, 461, 467, 487, 
575-579 

cell surfaces of, 268, 271, 575 
gills {see Gills) 
lungs {see Lungs) 
membranes {see Membranes) 
of plants, no, 119, 143 
of skin, 226, 245, 246 
tracheae {sec Tracheae) 

{See also individual plants and animals) 
Respiratory systems, 245, 246,346, 354, 363, 
399, 424, 441, 461, 466, 487, 575-579 
disorders of, 594 

Response to stimulus, 48-51, 110, 111, 255, 
257, 272, 283, 284, 306, 400, 596-600, 
642, 661 

Resting colls, 675 
nuclei of (see Nuclei) 

Resurrection plant, 147 
Reticulum, 636 

Retina, 255, 628, 635, 637, 640 
formation of, 690 

Retractor muscles, 333, 340, 353, 362 

Retting, 190, 806 

Rhabdocoel, 313 

Rhabdopleura, 431 

Rhagon canal system, 291 

RhamnuSy 811 

Rhcay 495 

Rheiformes, 495 

Rheotropism, 596, 600 

RhesuSy 702 

Rhinitis, 584 

Rhinoceros, 53, 90, 91, 511, 695 
bird, 53 

Rhinoderma, 460 
Rhizoids, 191, 192, 200, 201, 203 
Rhizome, 126, 812 
Rhizopods, 80, 81, 266, 270-274 
Rhizopus, 76, 181, 191, 192 
{See also Bread mold) 

Rhodophyceae, 76, 180, 186 
Rhynchocephalia, 88, 467, 469 
Ribs, 468, 474, 475, 504, 579, 647, 648, 661, 
652, 653 

Rice, 551, 807, 858 
Rickets, 527, 657, 850 
fetal, 623 
Richetisia, 848 
Rigor mortis, 663 
Rincinus, 532 
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Kings, annual, of roots, 107 
of stems, 121, 122 
Robber fly, 617 
Robin, 274, 773 
Rock formation, 288 

Rocky Mountain spotted fever, 427, 827, 
828, 848 

Rodents, 90, 477, 509, 510, 746, 761, 848 

Rodolia, 417, 822 

Rods of retina, 636 

Roe, 452, 828 

Rooster, 483 

Root, 98, 99, 101-115, 124, 162, 156, 177, 
200, 217, 525, 600 
activities of, 108-112 
adventitious, 101, 113, 125 
behavior of, 110-112, 600 
cap of, 102, 104 
excretion of, 587 
functions of, 105-109, 112-115 
hairs of, 104, 106,106,107, 109,162 
modified, 112 
pressure of, 109 
structure of, 103, 104-107 
tip of, 104, 106, 619 
types of, 101-103, 112-115 
Rootstock, 126, 206, 674 
Rophalocera, 417 

Rose, 78, 79, 132, 148, 205, 216, 740 
of Jerico, 173 
Rosette, 134 
Ross, 274 

Rostrum, 374, 380, 487 
Rotifers, 82, 83, 92, 327-329, 739 
Roundworms {see Nemathelminthes) 
Rowan, 598 
Rubber, 40, 808, 809 

Rudimentary organs {see Vestigial struc¬ 
tures) 

Rumen, 511^ 636 
Ruminant, 511, 636, 760 
Rump, 481 
Runners, 674 
Rust, 77, 181, 196, 806 
Rye, 219, 807 

S 

Sac, embryo, 164, 166, 167 
Sac Fungi, 181. 192-194 
Saccharomyces, 193 
Saceulina, 387, 888 , 391, 783 


Sacculus, 256, 462, 641 
Sachs, Julius, 864 
Sacral vertebrae, 647 
Sacrum, 649, 661, 653, 654 
Sage. 217 
Sagitta, 321, 329 
Sailfish, 451, 828 
Saint Augustine, 796 

Salamander,. 88, 89, 92, 454-459, 461, 788 
Salicaceae, 218 
Salientia, 88, 89, 455, 456 
Saliva, 541, 542, 543, 617, 632 
Salivary center, 632 
Salivary enzymes, 537, 641, 542 
Salivary glands, 276, 276, 397, 408, 537, 641, 
543, 616, 616 

Salmon, 86, 437, 452, 679, 816, 828 
migrations of, 452, 775, 776 
Salpa, 431 

Salt, 41, 284, 525, 622 
Saltatoria, 412 

Salts, 19, 22, 157, 237, 248, 549, 593 
Salma, 217 
Samara, 169, 170 
San Jose scale, 416, 417, 826 
Sand dollar, 350, 357 
Sand worm, 92, 344-346 
Sap, 34, 124 
rise of, 123, 162 
Saprolcgnia, 192 

SaprophytcwS, 155, 186, 189, 192, 197 
Sapwood, 121, 122 
Sarcode, 21 

Sarcodina, 80, 81, 266, 272, 273 
Sarcolemma, 657, 658, 661 
Sarcoplasm, 658, 661 
Sarcoptes, 427, 827 
Sargassum, 76 
Sartorius, 668 
Sawfish, 444 
Sawfly larvae, 772 
Scab, 827 
Scalae of ear, 641 
Scale insects, 416, 416, 778, 822 
cottony cushion, 416 
San Jos6, 416, 826 
Scales, bird, 483, 663 
epidermal, 414, 665 

fish, 437, 444, 445, 446, 447, 449, 461, 668 
insect, 60, 414-416, 769 
mammal, 509 
plant, 119, 213 
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Scales, reptUe, 468, 470, 472. 663 
Scallop. 84, 361, 368 
ScalopuSf 509 
Scalp, 664, 665 
Scaly anteater, 509 
Scaphognathite, 382 
Scaphopoda, 84, 86, 361, 367 
Scapulae, 490, 647-649, 661-654 
Scarabaeidae, 416 
Scarlet fever, 847 
Scent. 663 

Schaudinn, Fritz, 849, 865 
Schistoccra, 396 
Schizocarp, 169 
Schizomycetes, 76, 181 
Schizonts, 276 

Schleiden, Mathias, 31, 32, 867 
Schii’tze, Max, 21, 31, 868 
Schwann, Theodor. 31, 32, 867 
Sciatic artery, 238, 239 
Sciatic nerve, 262, 253 
Sciatic plexus, 253 
Sciatic vein, 240, 241 
Sclera, 255 
Sclerenchyrna, 44 
Sclerotic coat, 255, 636 
Scolex, 318 

Scorpion, 86, 373, 374, 421, 423, 788 
poisonous, 762, 827 
Scorpion fly, 417 
Scouring rushes, 205, 807 
Scrophulariacea, 218 
Scrotum, 680 
Scurvy, 524, 527, 850 
Scutes, 468, 474 
Scyphistoma, 306, 307 
Scyphozoa, 80, 81, 294, 306, 307 
Sea anemone, 54, 80, 81, 294, 307-309 
Sea cow, 90, 91, 512, 665 
Sea cucumber, 84, 86, 350, 357-358, 821 
Sea fan, 80, 294, 307 
Sea horse, 451, 774 
Sea lily, 84, 86, 350, 356, 368 
Sea pen, 294, 307 
Sea squirt, 86, 87, 92, 431 
Sea turtle, 467 

Sea urchin, 84, 86, 92, 350, 366, 671, 676 
Sea walnut, 82, 83, 92 
Seal, 606, 507, 511, 760, 769, 831, 839, 846 
Seaweeds, 55, 222 

Sebaceous glands, 42, 503, 663-665, 666 
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Secondary sexual characters, 450,.451, 459, 
486, 507, 619, 626 
Secretary bird, 500 
Secretin, 543, 626 

Secretion, 42, 543, 587, 594, 619, 623 
Seed plants. 78, 97, 210-222, 807-818 
dependent, 166, 156 
organization of, 97-99 
Seedling, 106, 111 , 174-179, 600 
bean, 176, 177, 178, 214 
castor, 176, 177, 178 
corn, 177, 178, 214, 600 
pea, 176, 600 
pine, 210 

Seeds, 99, 153, 168, 169, 171-178, 210, 215, 
682 

coats of, 166, 166, 213, 682 
dispersal of, 99, 169-173, 213, 214 
formation of, 161 

germination of, 173, 174, 213, 532, 759 
respiration f)f, 174 
vitality of, 174 

Segmental nerve, 254, 341, 611 
Segmentation, 389, 423 
of backbone, 349 

Segmentation cavity (m* Blastocoel) 
Segmented worms, 82, 83, 331-349 
Segregation of characters, 718 
Selaginella, 205 

Selection, 173, 758, 786, 786, 797 
artificial, 745 

Self-fertilization (sfc Pollination) 

Sella turcica, 606, 623, 662 
Semen, 680 

Semicircular canals, 256, 629, 640-642 
Semilunar valve, 242, 243, 560 
Seminal grooves, 342 
Seminal receptacles, 333-336, 342, 673 
Seminal vesicles, 338, 342, 376, 385, 401, 
409, 425, 443, 490 

Semipermeable membrane, 38-41, 108, 555- 
556 

Sempervivum, 126 
Sensations {see Special senses) 

Sense organs, 255-257, 304, 306, 307, 314, 
319, 340, 347, 400, 428, 462, 628, 690 
auditory {see Auditory) 
development of, 690 
equilibrium {see Equilibrium) 
lateral line {see Lateral line) 
olfactory {see Olfactory) 
of sight {see Sight) 
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Sense organs, special, 628~64d 
tactile {aee Tactile) 
taste (aee Taste) 

(See also individual animals) 

Sensitive plant, 600, 601 
Sensory, cells, 304, 314, 340, 363, 425, 433, 
633, 642, 690 
cushion, 388, 384 
fibers, 609, 611, 612, 628 
hairs, 642 
lobes, 314 

neuron, 253, 255, 602, 615 
root, 253 

Sepals, 160, 161, 164, 167, 215, 216, 219 
Sepia, 369 

Septa, 334, 336, 340, 370 
Sequoia, 97, 122, 844 
Sericopelma, 425 
Serosa, 234 
Serpent star, 86, 357 
Serratus anterior, 669 
Serum, 477, 567, 569, 786 
Sessile leaf, 131 
Setae, 333, 336, 341 
Sex, inheritance of, 732-739 
Sex cells, 294, 309, 310, 347, 671 
Sex characters, 450, 459, 500 
Sex chromosomes, 732-739 
Sex determination, 736-740 
Sex hormones, 624, 626 
Sex-linked inheritance, 570, 732-736 
Sex organs, 295, 296, 315, 673, 676-681 
effects of removal, 626 
Sexual cycle, 678 
Sexual dimorphism, 329 
Sexual reproduction (see Reproduction) 
Shark, 86, 87, 437-443, 828 
Sheep, 58, 315, 316, 510, 598, 695, 740, 781, 
786, 817, 823, 830 
Shell, of egg, 449, 490, 491, 679, 694 
of mollusk, 360-366, 371, 644 
Shell gland, 318, 491, 670 
Shellfish, 352, 846 
Shelter, 52 

Shipworm, 361, 367, 368, 821 
Shoot, 124, 159, 205 
Short-day plants, 598, 699 
Shoulder blade, 484, 661, 652 
Shoulder bones, 490, 648-649, 651, 652, 653. 
654, 762 

Shoulder muscle, 668 
Shrew, 606, 509 


Shrimp, 384, 387, 388, 391, 392, 821 
Shrubs, 60, 115, 218 
Sieve plate, 44, 120, 362 
Sieve tube, 107, 120, 121 
Sight, 255, 256, 383, 409, 488, 628, 630, 631. 
636-639, 764 

defects of, 634, 635, 637, 639, 640, 850 
mechanism of, 635, 639 
organs for, 226, 374, 383, 404, 407, 409, 
438, 442, 468, 470, 474, 476, 481, 
630, 631, 634-639, 752. 762, 763 
(See also Eyespot; individual animals) 
Sigmoid flexure, 545 
Signal and recognition marks, 773 
Silicon, 286, 290, 644 
Silicosis, 585, 850 
Silk, 425, 809, 813, 814, 822 
Silkworm, 813, 814, 821, 822, 865 
Silurian epoch, 327, 451, 788, 789 
Silverfish, 412, 413, 823 
Sinanthropus, 800 
Sinoauricular aperture, 242, 243 
Sinus venosus, 240, 241, 243, 244, 439, 440, 
441 

Sinuses, 373, 880, 399, 424, 557, 584 
of mail, 662 
Sinusitis, 652 
Sinusoid, 241 

Siphon, of mollusks, 382, 364 
of tunicates, 432 
Siphonaptera, 418 
Siphonoglyph, 308 
Sipuncutus, 82 
Sirenia, 90, 512, 665 
Skate, 86, 437, 444 
Skeletal muscles, 46, 231, 600-662 
Skeleton, 227-229, 273. 274, 286, 291, .293, 
351, 373, 384, 394, 395, 430, 466-469. 
474, 475, 489, 504, 044-657 
appendicular, 228, 229, 442, 468, 648 
axial, 227, 228, 431, 442, 468, 626, 647, 
648 

cartilaginous, 436, 437, 442, 650 
deformities of, 666 
endoskeleton, 430, 442, 468, 644 
exoskeleton, 350, 351, 873, 374, 884, 894, 
395, 428, 487, 468, 044 
functions of, 650 
hygiene of, 656 
inherited characters of, 468 
origin of, 685 
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Skeleton, visceral, 227, 442 

(See also individual animals) 

Skin, 225, 244, 245, 254, 307. 323, 339, 444, 
449, 454-457. 461. 465, 468, 472, 503, 
511, 568, 575, 576, 581, 585, 613, 620, 
663-669 

appendages of, 663 

and excretion, 591 

functions of, 663-668 

grafting of, 674, 675 

inherited characters of, 752, 753 

origin of, 261, 685 

of races, 663, 801 

and respiration, 245, 339, 454-456, 462 
structure of, 664-666 

(See aUo individual animals) 

Skipper, 417 

Skull, 227, 228, 442, 464, 46H, 474, 489, 504, 
509, 646, 647, 660 662, 655 
(See <iho individual animals) 

Skunk, 606, 771, 831 
Slave-making ants, 777, 778 
Sleep, 617, 618, 661 
hypnotic, 618 

Sleeping sickness, African, 815, 826 
Slime, 365, 389, 436, 450 
Slime mold, 76, 181, 196, 197 
tube, 343 

Slipper animalcule, 277 
Sloth, 509, 764 
Slug, 361, 366, 419, 821 
Small intestine (see Intestine) 

Smallpox, 847 

Smell, 255, 340, 365, 384, 401, 409, 454, 461, 
489, 628, 629, 631, 632, 633 
organs of, 401, 633 
Smooth muscle, 230, 657, 660, 661 
Smut, 77, 806 

Snail. 84, 86,92,316,317, 360,361,365,366, 
862 

Snakebite, 476, 829 

Snakes, 88, 89, 92, 464, 467, 472-477, 590, 
679, 692, 786, 832 
poisonous, 475-476 
venoms of, 476, 477, 829 
vestigial structures in, 781, 782 
Sneezing, 582, 584, 847 
Snout, of alligator, 471 
of crocodile, 470, 471 
of duckbill, 508 
of elephant, 503 
of gavial, 471 


Snout, of mole, 763 

Social life of insects, 406, 411, 412. 428 
Socket, 255 

Sodium, 145, 272, 284, 522, 524 
Sodium chloride, 16, 17 
Soft-shelled crab, 387 
Soil, 50, 51, 62-64, 157, 202, 204, 522 
air in 110 

bacteria in, 190, 813, 851 
building in, 807, 840, 841 
and earthworms, 343, 819 
erosion of (see Erosion) 
mineral depiction of, 834, 839, 840, 841 
nutrients in, 534 
pollution of, 851 
protozoa in, 813, 851 
texture of, 50, 108 
Sol. 27. 28 
Solanin, 217 
Solar plexus, 613 
Solomon’s seal, 126, 221 
Solonaceae, 217, 218 
Solution, colloidal, 26, 27 
nutrient, 524 
Solvent, 40 

Somatic cells, 42, 701, 706, 868 
Somatic mesoderm, 344, 685 
Somatoplasm, 798 
Somatopleure, 685, 676 
Somite, 691 
Sonneborn, 676 
Sorus, 206, 207, 672 
Sound, insect, 412, 413, 416 
production of, 583, 630 
transmission of, 255, 256, 462, 642 
Sound waves, 256, 462, 628 
Sow bug, 389 
Soybean, 189, 807 
Space, air, 132, 133 
Spallanzani, Lazaro, 864 
Span of life, 670 
Spanish needle, 172, 217 
Sparrow, 499 

English, 59, 274, 482, 493, 499 
white throated, 72 
Spat. 368, 820 
Spawn, 679 
Special creation, 780 

Special senses, 363, 383, 401, 425, 442, 488, 
628-642, 665, 666, 762 
(See also individual animals) 

Species, 70 
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Sperm, 46, 184, 185, 249, 257-259, 202, 269, 
270, 296, 304-307, 315, 342, 347, 364, 
385, 409, 425, 443, 449, 491, 671-680, 
701, 704-706, 708, 720, 724r-742 
nucleus of, 167, 704, 706, 700, 708 
of plants, 107,184,185, 201, 203,210, 212, 
213, 706, 709 

Sperm ducts, 334, 342, 380, 401, 401), 443, 
406, 486, 490, 673, 078 
Sperm atheca, 402, 410, 673 
Spermatid, 704 
Spermatocytes, 704, 706 
Spermatogenesis, 702-707 
Spermatogonia, 704, 706 
Spermatophytcs, 74, 78, 97, 204, 205, 210- 
222 

Spermatozoa {see Sperm) 

Spermist, 671 
Sphagnuiriy 76, 204, 806 
Spheiiisciformes, 495 

SphenodoiL, 88, 250, 463, 467, 469, 470, 625 

Sphcncjidal s jius, 662 

Sphenopsida, 78, 79, 97, 205, 806 

Sphincters, 234, 635, 660, 703 

Spices, 812 

Spicules, 290, 291 

Spider, 73, 86, 87, 92, 373, 374, 400, 411, 
416, 421, 423-426, 618, 775, 788, 827 
poisonous, 426, 762, 827 
spinnerets, 425, 426 
web of, 426, 617 
Spike, 160, 219 
Spinal accessory nerve, 872 
Spinal column, 227, 228, 467, 468, 504, 647, 
661, 652, 654, 655 
bones of, 647, 648, 661, 663 
curvature, 655 
curves of, 651, 652, 655 
development of, 091 

{See also individual animals) 

Spinal cord, 227, 250, 262, 260, 441, 448, 
466, 486, 502, 697, 602, 003, 604, OOD, 
613, 614, 615, 653, 686, 687, 691 
development of, 260, 600, 686, 087, 691 
functions of, 609, 610 

(See also individual animals) 

Spinal nerves, 262, 253, 441, 603, 609, 610, 
611 

Spindle, 37 
cell, 237 

Spines, of plants, 131,148, 758 
of reptiles, 663 


Spines, of sea urchins, 356 
of starfish, 351, 362, 363 
of sting rays, 438, 444 
Spinnerets, 425 
Spinuous processes, 648, 663 
Spiny anteater, 508, 694 
Spiny dogfish, 437, 438-443 
Spirachaetf)sis, 427 
Spiracles, of Elasinobranchs, 437, 438 
of insects, 396, 398-400, 576 
Spiraculum, 399 
Spiral, of mollusk shell, 372 
Spiral cleavage, 6S3 
Spiral valve, 242, 243, 437, 439 
Spireme, 37 

SpinJIufiiy 187, 188, 849 

Spirochaeta, 276 

Spirochete, 187, 849, 865 

Spirogyra, 41, 76, 77, 180, 183-185, 672, 676 

Spittle insect, 416 

Splanchnoploure, 685 

Spleen, 230, 234, 440, 486, 602, 633, 639, 
547, 662, 591, 691 
Spleenic artery, 238, 559 
Spiccnic vein, 240, 241, 662 
Splint bones, 794 

Sponges, 80, 81, 92, 290-293, 589, 644, 816, 
817 

Spongin, 290, 644 

Spontaneous generation, 10-13, 857, 864, 
865 

(See also Abiogenesis) 

Sporangia, 191, 192, 206, 207, 210, 212, 675 
Spores, 189, 191, 192, 193, 195, 196, 202, 
208, 221, 265, 672, 709, 814 
of fern, 206, 207 
formation of, 212, 221, 675 
of Marchantia, 202 
nicgasporcs, 212, 213, 276 
microspores, 215, 706 
of moss, 202-204 
of wheat rust. 195-196 
zygospores, 192 
Spores mother cell, 706 
Sporocyst, 316, 317 

Sporophyte, 201, 206, 208, 212, 213, 216, 
221, 222, 709 
of angiosperpi, 221, 222 
of brown algae, 222 
of fern, 206, 207 
of Marchantia, 201, 202 
of moss, 202, 203, 204, 222 



INDEX 


955 


Sporophyte, of pine, 210, 212 
Sporozoa, 80, 81, 266, 274, 276-277, 675 
Sporozoite, 276 

SporuJation, 192, 201, 203, 207, 274, 275, 
672, 675 
Sprains, 657 
Springtail, 412, 413 
Spur, of bees, 404, 407 
of birds, 486 
Squalvffy 437, 438 
Squamuta, 88, 89, 467. 472-477 
Squamosal, 277, 647 
Squash, 120, 754 
Squash bug, 416, 420 

Squid. 84. 86, 92, 360, 361, 368, 369, 444, 
630, 684, 820 
Squint, 850 

Squirrel, 91, 605 -507, 509, 704, 766, 829, 831 
Stalk, of Ciona, 432 
of flowers, 160, 217 
of leaves, 130, 131 
(jSVt also Stenis) 

Stallion, 478 

Stamens, 161-167, 210, 217, 673 
Starninate cones, 210, 212 
Staminate flowers, 103, 077, 078 
Stapes, 250, 402, 030, 041, 052 
Staphylococcus, 187, 188 
Starch, 8, 23, 24. 54. 124, 140, 153, 176, 
236, 267, 520, 529, 531. 538, 542, 543 
{Sec also C'arbohydrates) 

Starfish, 84, 85, 92, 260, 350- 366, 676, 678, 
821 

embryology of, 364 
regeneration of, 366, 672 
Stark, 744 
Starlings, 499, 598 
Statocyst, 383, 384, 629 
Statolith, 384 
Steapsin, 53$ 

Stefansson, 550 
Stegocephalians, 92, 461 
Stele, 107, 120, 121 

Stems, 98, 99, 109, 116-127, 129, 162, 159, 
215, 600, 682 
activities of, 123, 124 
adaptations of, 759 
dicot, 119, 120 
monocot, 76, 123 

responses to stimuli, 124, 125, 601 
types of, 117-119, 123, 125-127, 205, 
206, 214, 217 


StenloTy 286, 280 
Stercoral pocket, 424 
Sterility, 850 
Sterilization, 189, 191 
Stcrnay 494, 498 
Sternal artery, 380, 381 
Sternal sinus, 381 

Sternum, 228, 229, 375, 400, 406, 462, 480, 
489, 490, 504, 579, 647, 648, 661, 653 
Stevens, 736 

Stickleback, 449, 450, 679 
Sticktight, 172 
Stigma, 161, 164, 167, 220 
Slimuli, responses to, 255, 257,268,272,283, 
300, 340, 384, 400, 596-600, 642, 661 
Sting, 406, 407, 423 
Sting ray, 437, 438, 444 
Stinging capsules, 296, 303, 306, 308, 310 
Stinging cells, 296, 300, 303, 304 
Stink bug, 416, 416 
Stipules, 128-132, 148 
Stirrup, 630, 641, 642 
Stock, 674 

Stolons, 113, 125, 191, 192 
Stoma {sec Stomata) 

Stomach, 230, 233-236, 244, 276, 633, 535, 
536, 639, 512, 646, 662, 579. 632, 762 
cardiac portion of, 234, 376, 380, 542 
digestion in, 542 
glandular, 327, 486, 633 
pyloric portion of, 234, 351, 352, 376, 380, 
542 

of ruminants, 536 
structure of, 234, 542 
sucking, 424 

{See also individual animals and groups 
of animals) 

Stoniach-intestiue, 345 
Stomata, 119, 132, 133, 140, 144, 146, 156, 
200, 585 

Storaodaeum, 261, 294, 306, 308, 690 

Stone canal, 362, 363 

Stone fly, 414 

Strabismus, 634, 639 

Strawberry, 113, 125, 168, 216 

Streaming, 25, 20, 271, 554 

Streams, pollution of, 60, 838, 839, 846, 851 

Strepsiptera, 417 

Streptobacillus, 188 

Streptococcus, 188 

Striated muscles, 46, 657-661 

Stridulating organs, 401 
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Strigiformes, 497, 498 
Strobila, 306, 807 
Strobilization, 806, 807 
Strombus, 366 

Structures, vestigial, 781, 782 
Struggle for existence, 62, 65, 756, 778, 784, 
797, 865 

Struthioniformes, 495 
Strychnine, 811 
Htryehnoa nuxvomica, 811 
Sturgeon, 447, 452, 828 
Sturtevant, 716, 729, 733, 734 
Style, 161, 162, 167,177, 220 
Stylonichia, 285, 286 
Stylops, 417 

Subarachnoid space, 609, 610 
Subclavian arteries, 238-241 
Subclavian veins, 240, 241, 440, 441, 547, 
559, 564 

Subesophageal ganglia, 388, 400 
Subintestinal vein, 434, 441 
Sublingual gland, 541 
Submaxillary gland, 641 
Submucosa of intestine, 234, 235 
Subneural vessel, 336-338 
Subpharyngeol ganglion, 340, 341, 347 
Subphylum, 73, 74, 75 
Subterranean life, 763 
Subumbrella, 302, 304 
Successions, 60, 61, 65 
Suckers, 317 
of leech, 347 
of liver fluke, 315 
of tadpole, 260 
of tapeworm, 817, 318 
Sucking disks, 447 
Sucking mouthparts, 417, 418, 486 
Sucrose, 531, 543 
Sucrose, 531 
Suctoria, 80, 266, 285 
Sudiferous glands, 663, 665 
Sugar, 8, 23, 24, 40, 54, 109, 124, 151, 153, 
156, 219, 236, 248, 408, 519, 524, 531, 
532, 543, 546, 562, 807, 809 
beet, 102, 809 
cane, 219, 531, 543, 809 
content of blood, 546, 594, 626 
maple, 809 

storage in the liver, 625 
storage in plants, 103, 140, 149 
(See also Glucose) 

Sulphur, 22, 62, 140, 520, 522, 524 


Sun, 596, 597 
Sundew, 534 

Sunflower, 145, 218, 220, 596, 598, 740 
Superficial cleavage, 259, 403, 683, 684 
Superior mesenteric artery, 669 
(See also Mesenteric) 

Superior ovary, 162, 163 
Superior vena cava, 669 

(See also Postcaval veins; Precaval 
veins) 

Support, in animals, 489, 651, 644-657 
in plants, 98, 152 
Supraoesphageal ganglia, 383 
Supraoccipital bones, 647 
Suprapharyngeal, 347 
Suprarenal gland, 442, 592, 625 
Suprascapula, 228 
Surinam toad, 460, 774 
SuSf 511 
Suspensor, 191 

Suspensory ligament, 636, 636 
Sutures, 647 
Swallow, 89 

Swammerdam, Jan, 862 
Swamp life, 61, 110, 759 
Swan, 496, 500 

Sweat, 568, 591, 632, 663, 666, 667 
Sweat glands, 503, 504, 568, 063, 664-667 
Swim bladder, 766 

Swimmeret, 376, 376, 379, 380, 385, 688, 
697, 781 

Swordfish, 451, 452, 878 
Symbiosis, 64, 55, 63, 64, 190,197, 288, 297, 
311, 321, 756 

Symmetry, bilateral, 225, 312, 320, 327, 
331, 358, 360, 373 
radial, 294, 295, 350, 358 
spiral, 366, 372 

(See also Asymmetry) 

Sympathetic ganglion, 612, 613, 614 
Sympathetic nervous system, 262, 253, 612, 
613, 614 

Symphysis pubis, 654 
Synapse, nerve, 612, 615 
Synapsis, 703-706, 715, 741, 749 
Synovial fluid, 646 

Synthesis, 151, 152, 519, 520, 532-534, 549, 
594 

Synura, 270, 813 
Syphillis, 187, 276, 849, 865 
Syrinx, 486, 488 
Systemic arches, 238, 239-244 
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Systemic circulation, 240, 241% 5C1--563 
Systems, 40 
hepatic portal, 241 
portal, 546, 647, 662, 563 
renal, 241 

{See also individual plant and animal 
systems) 
systemic, 241 
Systole. 248, 560 

T 

Tavhaniiay 416 
Tactile cells {see Touch) 

Tactile hairs, 401, 400 
'Jactile or^?ans, 845, 451, 508, 628, 664, 768 
Tadpole, 244, 245, 261-268, 481. 454. 455, 
450, 690 

Taenia. 817-819, 817 

Tail, 261, 262, 827, 841, 885, 428, 482, 487, 
488, 441, 442-445, 447, 455, 468, 470, 
474, 479, 481, 484, 497, 091, 766 
feathers of, 481, 484 
Tail fin {see Caudal fin) 

Tailed amphibia, 88, 455, 150 

Talons, 484 

Talpa, 665, 768, 830 

Tamarack, 212 

Taiiagers, 499 

Tannin, 809 

Tanning, 190 

Tapeworm, 82, 92, 812, 817-820, 817 
Tar, 812 

Tarantula, 421, 426, 426, 827 
Tardigrada, 427 
Tarsals, 229, 490, 647, 661, G55 
Tarsiers, 90, 512 
Tarsioideae, 90, 512 
Tarsometatarsus, 490 

Tarsus, 229, 396, 398, 404, 40C, 424, 481, 655 
Taste, 255, 840, 862, 384, 401, 409, 489, 536, 
628, 629, 681, 688, 684 
Taste buds, 255, 633 
Taste receptors, 401, 634 
Taxes {see 1'ropisms) 

Taxonomy, 4, 67 
Tea, 528, 551, 809 
Tear ducts, 634 
Tear glands, 634 
Tears, 634 

Teeth, 280, 347, 361, 459,468.470, 471, 479, 
509, 510, 522, 527, 535, 536, 640, 641, 
623. 763, 760, 701, 798-795, 790, 800 


Teeth, bicuspids, 641 
canine, 603, 600, 510, 541, 760 
carnassial, 510 

incisors, 603, 504, 510, 511, 541, 760 

milk, 504, 541 

molars, 510, 541 

permanent, 640, 541, 700 

premolar, 504, 510, 760 

temporary, 640, 541 

and vitamins, 527 

vomerine, 230, 232 

wisdom, 541 

{Sec also individual anunaLs and groups 
of animals) 

Telegony, 748 

Telencephalon, 249, 2,50, 604 
Teleosls, 86, 487 
Teleutospores, 196 
T<‘lolecith£il, 688 
Telopliase, 36-88 
'Felson, 380 

Temperature, 24, 48, 57, 58. 64. 156, 157, 
174, 244, 255, 256, 259, 288, 284, 411, 
472, 498, 574, 599, 683 
of birds, 488 

body, abnormal, 622, 667, 608 
of cold blooded animals, 257 
normal, r>()5, 668 
respt)nse to, 112 
Temporal bone, 646 
Temporal lobe, 608, 642 
Tendon, 281, 489, 657, 660 
Tendon of Achilles, 668 
Tendrils, 131, 148 

Tentacles, 286, 286, 294, 296, 296, 300-304, 
308, 332, 345, 358, 365, 432, 433, 485 
{See also individual animals) 
Tentaculocysts, 306 
Teredo navalisy 364, 368, 821 
Tergum, 375, 400, 406 
Termites, 287, 413, 414, 818, 824 
Tern, 493, 494, 496, 498 
Terrapin, 467, 468, 469, 477 
Tertian malaria, 274 
Tertiary period, 787, 799 
Testes, 230, 233, 258, 295, 296, 318, 342, 
364, 384, 385, 401, 425, 442, 443, 486, 
490, 620, 673, 677-680 
Testosterone, 626 
Testudinata, 467 
Tetanus. 187, 191, 849. 852 
Tetany, 623 
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Tetrad, 704, 705, 709, 727, 729 
of spores, 203 
I’ettingoniidea, 412 

Texas cattle fever, 427, 713, 813, 814, 827, 
828 

cattle tick, 421 
Thalamencephalon, 250, 254 
Thalamus, 607 
Thales, 858 

Thallophyta, 76, 77, 07, 180-197, 805 

Thallus, 180, 200 

Thea nencnsiSf 809 

Theelin, 629 

Theine, 809 

Theobroma cacao, 810 

Theobromine, 551 

Theophrastus, 69, 859 

Theory, cell, 31 

of recapitulation, 391, 392, 500, 782 
Thermotropism, 112, 596 
Thiamin, 526 
Tliigmotropism, 596 
in frog, 257 
of roots, 112 
of stems, 124 
Thinopns anHqym, 461 
Thirst, 628, 632 
Thoracic cavity, 233, 503, 504 
Thoracic duct, 547, 659, 563, 564 
Thoracic vertebrae, 468, 653 
Thorax, 373, 374, 387, 395, 396, 400, 406, 
427 

mesothorax, 395, 396, 406 
metathorax, 395, 396, 406 
prothorax, 395, 396, 406 
Thorns, 125, 148 
Threadworms, 321 
Thrips, 414, 415 
Thrombin, 567 
Thrombocytes, 237, 567 
Thrush, 482, 493 
Thrumb, 655, 763 
of frog, 225, 230, 257, 459, 679 
Thymus, 442, 620, 625 
Thyroid gland, 263, 436, 442, 522, 619, 620- 
623, 753 

secretion of, 263, 620 
Thyroid-stimulating hormone, 623 
Thyroxin. 550, 620-622 
Thysanoptera, 414 
Thysanura, 403, 412, 413 


Tibia, 396, 398, 404, 406, 407, 424, 490, 649, 
651, 655 

of insects, 396, 404 
Tibial artery, 238, 559 
Tibiale, 228, 229 
Tibialis, 659 
Tibio-fibula, 228, 229 
Tibio-tarsus, 490 

Tick, 86, 92, 374, 421, 427, 428, 670, 713. 

813, 827, 828, 848 
Tides, 51 

Tiedemann’s bodies, 352, 353 

Tiger, 49, 90, 502, 507, 510, 511, 770, 795 

Tillanihiia, 115 

Tinamiformes, 495 

Tinea, 417, 823 

Tissues, 44, 45, 46, 56, 657, 666, 684 
classification of, 46 
connective, types of, 46 
epithelial, types of, 45 
formation of, 685 
muscle, 46, 6()1, 686 
nervous, 45, 602 
palisade, 134 
scar, 640 
skeletal, 45, 686 
sporogenous, 706 

Toad, 88, 92, 225, 454-466, 457, 679, 697 
Chilean, 460 
horned,'’ 472 
obstetrical, 460 
Surinam, 460, 774 
Toadflax, 218 

Tobacco, 190, 217, 624, 740, 806, 853, 854 
Tocopherol, 528 
Toes, of amphibians, 457 
of bat, 766 
of birds, 490, 497 
of horses, 793-795 
of man, 655 
Tomato, 170, 217, 527 
Tongue, 230, 231, 232, 246, 255, 406, 448, 
474, 466, 502, 509, 536, 539, 620, 633, 
650, 652, 761 
Tonsils, 584 
Tonus, 661 

Toothed birds, 479, 480, 787, 790-792 
Toothshell, 85, 361, 367 
Tornaria larva, 355, 359, 431 
Torpedo ray, 444 
Tortoise, 88, 467, 468, 477, 829 
Toucan, 499 
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Touch, 255, 256, 207, 364, 384, 401, 409, 
425, 474, 596, 628, 631, 665, 666, 764 
Toxins, 320, 569, 570, 587, 594, 819 
Trachea, 4, 232, 398, 399, 400, 408, 424, 
428, 475, 486, 487, 602, 639, 557, 576, 
577, 678, 585 
origin of, 685 
of plants, 121 
Tracheids, 121, 123 
TrachclomovaSy 270 
Tracheolos, 400 

Traolieopliyta, 78, 79, 97, 204-222 
classification of, 205 
Trachoma, 850 
Tracks, dinosaur, 790 
manirnal, 504, 606 
Translocation of food, 109, 124, 156 
Transpiration, 98, 109, 123, 128, 144-146, 
162 

Transplantation, 626, 713 
Transportation, in animals {.sre (’irculation) 
ill plants, 108, 109, 123, 124, 128 
Transverse division, 280, 315 
Transverse foramen, 663 
Transverse ligament, 669 
Transverse process, 228, 229, 648, 663 
Transverse septum, 443 
Trapezius, 668 

Tree frog, 2il2, 457, 458, 764, 770 
Tree hopper, 416 
Trees, 116, 218 

(/Sec also Forests) 

Trernatoda, 80, 312, 315 
Trcmbley, 297 
Trepang, 358, 821 
Treponema pallida^ 276, 849, 865 
Triarthrus, 422 
Triassic epoch, 503, 787, 793 
Triatoma, 416, 815, 826 
Triceps, 668, 660 
Trichina, 817 

(See also Trichinosis) 

Trichinella, 321, 322, 324, 817, 818 
Trichinosis, 324 
Trichocysts, 277, 278 
Triohuris, 321 
Triclad, 313 

Tricoptera, 416, 417, 446 
Trigeminal nerve, 253, 872 
Trihybrid, 725 
Trillium, 79,162, 219, 842 


Trilobite, 374, 421, 422, 788 
Triploblastic, 312, 360, 685 
Triploid, 222, 741 
Trivium, 351 
Trochal disk, 327 

Trochanter, 396, 398, 404, 406, 424 
Trochelminthes, 326, 327, 328, 329 
Trochlerr nerve, 253, 872 
Trochophore larvae, 92, 319, 329, 332, 843, 
347, 349, 360. 364, 372 
Trombicula, 427, 827 
Trophozoite, 276 
Tropisms, 596-600, 618, 630 
Trout, 86, 437, 452, 598, 828 
True bug, 416 
Truncus arteriosus, 238 
Trunk, of bird, 481, 483 
Trunk bones, 652, 653 
of frog, 225 

Trypanosoma gamhiensc, 814, 816 
Trypanosomes, 816 

diseases caused by, 815, 816 
Trypanosomiasis, 815 
Trypsin, 236, 535, 538, 543 
Tsetse fly, 418, 814, 815, 826 
Tuatera, 470 
Tube, neural, 687 
pollen, 166, 167, 706 
Tube nucleus, 167 
Tube feet, 362, 354, 355, 357 
Tuber, 34, 126, 127, 674 
Tubercle bacillus, 187, 849 
Tuberculosis, 187, 191, 323, 571, 584, 585, 
667, 806, 847, 850, 865 
Tubules, kidney, 442, 592, 693 
Tularemia, 848 
Tulip, 160 
Tulip tree, 132, 221 
Tumor, 744 
Tuna, 828 

Tung-oil tree, sexes of, 677 
Tunicate, 86, 87, 431, 432 
Turbellaria, 82, 312, 313 
Turkey, 829, 844, 846 
Turnip, 103, 109 
Turpentine, 812 

Turtle, 88, 89, 92, 467-469, 477, 670. 783, 
786 

nictitating eyelid of, 781 
Tusk, 507, 511 
’Tween brain, 604, 606 
Twins, 695, 697 



960 


BIOLOGY: THE SCIENCE OF LIFE 


Tympanic membrane, 401, 462, 630, 642 
Tympanum. 226, 256, 398, 401, 450. 470 
Typhaceae, 221 
Typhlosole, 336, 535 

T>T)hoid, 191, 569, 591, 823, 847-849, 852 
bacillus of, 187, 806, 849 
Typhus, 806, 827, 848 

13 

Uca, 888 

TJlna, 490, 669, 647, 649, 661, 655, 762 

Ulnar artery, 669 

Ulothrix, 180, 182, 184, 185, 672 

Umbel, 160, 217 

Umbelliferae, 217 

Umbilical cord, 693, 694, 695 

Umbo, 361 

Uncinate process, 489 
Underground stem, 126, 127 
Undulating membrane, 277, 279 
Unguiculata, 509 
Ungulates, 90, 511 
Unguligrade, 504, 660, 761, 762 
Unicellular animals, 265-288 
Uniramous, 376 
Unit characters {see Genes) 

Unity, 46 
Uranium, 16 

Urea, 237, 246, 248, 538, 548, 589-591, 593 
Ureter, 233, 236, 247, 443, 448, 486, 488, 
602, 688, 591, 692, 594, 673 
openings of, 362, 486 

(See also individual animals) 

Urethra, 602, 688, 591, 592, 673 
Uric acid, 246 

Urinary bladder, 230, 247, 448, 688, 590, 
592, 594 

Urinary papilla, 443, 592, 693 
Urinary sinus, 443 

Urine, 247, 248, 590, 591, 593, 594, 666 
Uriniferous tubule, 248, 592, 693 
Urii^enital arteries, 233, 239, 503, 590 
Urklogenital sinuses, 439 
^inogenital systems, 233, 246, 257, 442, 
443, 466, 503, 590 

(See also individual vertebrate animals) 
Urochordata, 86, 87, 92, 431 
Urodela, 455 
Uroglena, 813 
Uropod, 374, 376 
Urosalpinx, 366, 367 


Urostyle, 227, 228, 245 
Ursidae, 72, 511 
Urocyorif 72 
Uterine cavity, 694 

Uterus, 259, 318, 443, 449, 626, 673, 678, 
680, 681, 694 
Utricule, 641 
Utriculus, 256 

V 

Vaccination, 806 
Vaccine, 569, 849 

Vacuoles, 32, 34, 42, 266, 267, 271, 277-279, 
589 

contractile, 34, 266, 267, 268, 271, 272, 
277, 279, 589 

food, 34, 42, 271, 272, 277, 313, 633, 534 
plant, 34, 42, 154 
Vacuum cups, 764 

Vagina. 318, 397, 402, 410, 673, 680. 681 
Vagus nerve, 253, 611, 872 
Valence, 18, 19 
Valve, of bladder, 504 
of bloo<l vessels, 380 
•of heart, 337, 424, 558-561, 570 
ileocaecal, 544 
of lymphatic vessel, 664 
mollusk, 362 
of spiracle, 399, 400 
spiral, 439 
sj’rinx, 488 
of vein, 660 
Vanilla^ 812 

Variations, 711-713, 746, 797, 798 
Variety, 70 

Vasa deferentia, 334, 336, 342,384,401,409, 
443, 486, 490, 678 
Vasa efferentia, 258, 443 
Vascular bundles, 119, 120-123, 134, 139, 
214, 215 
scars, 118,119 
Vascular cylinder, 107 
Vascular plants, 97, 205 
Vascular systems, 237-245, 319 
of plants. 204-208, 213, 654-^71 
water, 862-354 
Vasomotor system, 504 
Vaucheria, 180, 182, 184, 185, 675 
Vegetables, 527, 657, 826 
Vegetal pole, 259, 260 
Vegetation, destruction of, 836 
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Vegetative reproduction, 149, 672, 674, 675 
Veins, of animals, 237, 434, 542, 669, 660, 
662, 593 

of leaf, 124, 123-130, 134, 214, 215 
portal, 241, 548, 662, 563 
varicose, 570 
of wing. 398 

(See also individual animals) 

Veliger, 864, 365 
Velum, of Amphioxus, 433 
of bee legs, 404 

coelenterates, 294, 302, 303, 306 
trochophore, 364 
Vena cava, 363, 647 
anterior, 240, 669 
posterior, 240, 241, 244, 647, 559 
Venereal diseases, 849 
Venom, snake, 476, 477 
insect, 419 

Venous systems, of frog, 239-242 
of man, 669-563 

(See also individual animals) 
Ventilation, 581, 582, 603 
Ventral aorta, 434, 439, 440 
Ventral blood vessel, 336-338, 380 
Ventral fin, 433, 438 

Ventral nerve cord. 336, 380, 397, 400, 401, 
697, 601 

Ventral ramus, 612-614 

Ventral root of nerve, 264, 611, 612-614 

Ventral sinus, 381 

Ventricles, of brain, 260-252, 462, 608, 609, 
610 

of heart, 242, 243, 362, 363, 439, 440, 466, 
487, 558-561 

Ventriculus, 898, 407, 408 
Venus’s-flower-basket, 80, 81, 290, 292 
Venus’s-flytrap, 164, 534 
Venus mercenaria^ 861 
Vermiform appendix, 544, 744, 781 
Vermis, 607 

Vertebrae, 227, 228, 468, 479, 647, 648, 652, 
691 

amphicoelus, 442 
caudal, 647 
cervical, 489, 648, 653 
coccygeal, 653 
heterocoelus, 489 
lumbar, 647, 648, 653 
sacral, 647, 653 
thoracic, 468, 653 
Vertebral artery, 239 


Vertebral column (see Spinal column) 
Vertebral foremen, 648 
Vertebrates, 73, 75, 86, 87, 88, 90, 92, 225, 
349, 430-514, 538, 557, 558, 589, 595, 
635, 688, 788 
characters of, 430 
embryos, 783 
organization of, 255 
origin of, 359 
rise of land, 460, 788 
skeletons of, 645-657 
Vesalius, Audreas, 860, 861 
Vestibule, 641 

Vestigial structures, 230, 233, 469, 781, 782 
Vetch, 217, 807 
Vibrations, 442, 630 
Viceroy butterfly, 772 
Villus, intestinal, 537 
placental, 694 
Vinci, Leonardo da, 860 
Violets, 166, 169, 205 
Viper, pit, 475, 829 
Virus, filterable, 13, 584, 848-850 
Viscera, 232, 253, 358 
Visceral arches, 650 
Visceral ganglion, 362, 363 
Visceral nervous system, 612 
Visceral peritoneum, 234 
Visceral skeleton, 227, 442, 650 
Viscosity, 26 

Vision, 383, 401, 409, 474, 488, 630. 634-640 
binocular, 255, 636, 638 
color. 854 

defective, 634, 635, 637, 639 
role of brain In, 635, 637, 638 
(Sec also Eye; Sight) 

Visual pathways, 637 
Visual purple, 526 
Vital activities, 8-10, 661 
Vital capacity, 580 
Vital centers, 251, 254 
Vital force, 10 
Vital knot, 579 
Vitalism, 10 

Vitamins, 25, 158, 452, 522, 524-520, 541, 
543-546, 549, 551, 623, 657, 806, 828, 
840, 850 

Vitelline membrane, 691 
Vitreous humor, 488, 635 
Viviparous animals, 389, 417, 504, 679, 774, 
775 

Vocal cords, 246, 583, 684 
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Vocal organ of birds* 486, 488 
Vocal sacs, 232, 246, 456 
Voice, 246, 471, 488, 583 
Voluntary muscle (see Muscle) 

Volvox, 80, 185, 266-269, 287, 288, 310 
VoHicella, 80, 266, 286, 286 
Vries, de, 718, 740, 799, 868 
VulpeSt 71, 72 
Vulture, 496 

W 

Waddell, 528 
Walking stick, 413, 773 
Wall, cell. 30, 31, 32, 33. 41 
Wallace, Alfred, 784, 797, 867 
Walrus, 507, 511 

Warm-blooded animals, 488, 504, 568, 666, 
667 

Warning coloration, 771 
Wasp, 411, 418, 419, 739, 775, 822 
cuckoo, 776 

W’assermann reaction, 849 
Wastes, 34, 237, 244, 246, 247, 338, 340, 
587-589, 610, 662, 663, 666 
Water, 23,34, 38,39, 50, 54, 55, 58,108, 113, 
116, 123, 140-147, 162, 156, 171, 174, 
178, 237, 246, 267, 293, 362, 411, 432, 
454, 519, 520, 522, 548, 575, SOG, 600, 
674, 683, 806 
fresh, 59, 61, 265 
of guttation, 147 
loss of, in animals, 591, 632 
in plants, 143-147, 850 
pollution of, 55, 838, 839, 846, 849, 851 
response to. 111 
salt, 55, 265, 291 

(See also individual plants and animals) 
Water beetles, 417 
Water boatman, 416 
Water flea, 373, 886, 675 
Water lily, 61, 125, 186, 173 
seed, 173 

Water moccasin, 475, 476 
Water plants, 759 
Water snakes, 464, 679 
Water strider, 416 
Water tubes (see Xylem) 

Water vacuole (see Vacuole) 

Water vascular system, 362-854 
Wattle, 486 

Wax, 394, 406, 407, 410 


Weasel. 606, 507, 770, 831 
Web of life, 58, 69 
Web, spider, 425, 426 
Wedgwood family, 760, 753 
Weeds. 217, 218 
Weevil, alfalfa, 416, 826 
of beans, 826 
cotton boll, 416, 416, 825 
of peas, 826 

W^eismann, August, 798, 799, 868 
Whale, 58. 90, 91, 369, 502, 503, 506, 508, 
612, 649, 657, 665, 767, 820 
flipper of. 512, 649, 781 
Whalebone. 512, 767 

Wheat, 79, 173. 219, 520, 528, 806, 807, 
826 

Wheat rust, 195, 196, 806 
Wheel animalacules, 327-329 
organ, 433 

Whelk, 300, 365, 366, 367 
Whippoorwill, 482, 499 
W^hipwonn, 321 
White ant, 413, 414, 824 
(See also Termites) 

White corpuscles, 237, 244, 363, 380. 663. 
566, 667, 666 

White matter, 002, 611, 612 
White races, 801 
Whitney, 321 
Wild flowers, 839-846 
Wild life, 834, 839, 842-846 
Willow, 218 
Wilson, E. B„ 736, 868 
Wilt. 712 

Willing of leaf, 146 
W^ind pollination (see Pollination) 
W^indpipe, 232, 323, 324, 487 
(See also Trachea) 

Winds, 51, 171, 193, 208 
Wings, of bat, 649, 766 
of bird, 479, 484, 486, 489, 766 
of insect, 395,369,398,404,408,412-419, 
510, 769 

of reptile, 473, 766 
Winking, 634 
Wisdom teeth, 541 
Wishbone, 484, 490 
Wisteria, 217 
Wolf, 53, 508, 511, 831 
Wolff, Caspar, 863 
Wolffian ducts, 443, 466, 590 
Wolverine, 831 
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Wombat, 509 
Woodchuck, 505-507 

Woodpecker, 89, 482,483,484. 498, 499,536 
Worker ant, 776 
Worker bee, 404-412 
Worm, 312-329, 331-349. 421, 450 
army, 823 
Wren, 72, 499 
Wuchereria^ 322, 819 

X 

X chromosome, 732-739 
X ray. 552, 741 
Xeniophyle, 222 
Xenop»ylla cheopis^ 419 
Xerophyle, 57, 758 
Xerophthalmia, 526 
Xiphosura, 421 

Xylem, 44, 107, 109, 11^-123, 134, 162 
Y 

Y chromosomes, 732-739 

Yak, 830 

Yeast, 24, 76, 77, 156, 181, 187, 192 194, 
326, 528, 533. 672, 674, 805, 806, 852, 
865 

Yellow fever, 418, 452, 826, 848 
Yellow spot of eye, 636 


Yerkes, 257 

Yolk, 32, 259, 260, 328, 403, 443, 449, 491, 
525, 657, 679, 680. 683, 687, 688, 691- 
693, 696 
white, 490 
yellow, 490 

Yolk plug. 260, 689, 691 
Yolk sac, 492, 687, 691-693 
Yolk stalk, 492 
Yucca moth, 166 

Z 

Zebra, 52, 794 
Zebrina, 133 
Zein, 550 
Zingihrr, 812 
£oca, 391, 392 
Zones, life, 58 

Zoogeographical regions, 67, 58, 874 
Zooid, 301 
types of, 304, 306 
Zoology, 4 
Zoospore, 182, 184 
Zygomatic arch, 646, 647 
Zygoptera, 414 
Zygospore, 192 

Zygote, 9, 166, 184-186, 191, 202, 203, 208^ 
213, 221, 276, 402, 672, 676, 682, 702- 
706, 737 
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